MOLE CONCEPT 
1. MOLE 


A mole is the amount of substance that contains as many species [Atoms, molecules, ions or other 
particles] as there are atoms in exactly 12 gm of C-12. 


1 mole =6.022x 10" species 


2.1 Atomic mass 


Atomic mass of an element can be defined as the number which indicates how many times the mass of 


i — : l 
one atom of the element is heavier in comparison to 12 th part of the mass of one atom of Carbon-12. 


| [Mass of an atom of the element] Mass of an atom in amu 
Atomicmass = ————— — ——————————— = —————————— 


5 x[Mass of an atom of carbon -12] Lamu 


2.2 Atomic mass unit (amu) or Unified mass (u) 


1 
The quantity [15 x mass ofan atom of C-12] is known as atomic mass unit. 
The actual mass of one atom of C-12 = 1.9924 х 10?*kg 


1.9924 x 1075 
г. Тату = а ш... 


1 
= 1.66 x 107 kg = 1.66 x 10% gm = N, Em 


2.3 Gram atomic mass 


The gram atomic mass can be defined as the mass of І mole atoms of an element. 


16 
e.g, Mass of one oxygen atom = 16 amu = N, gm. 


16 
Mass of N, oxygen atom = у. ^^ = 16 gram 
A 
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Illustration 


(a) What is the mass of one atom of CI? (b) What is the atomic mass of CI? 
(c) What is the gram atomic mass of Cl? 
Sol. (а) Mass of one atom of Cl = 35.5 amu. 


Mass of an atom in amu 35.5amu 


(c) Gram atomic mass of Cl = [Mass of 1 Cl atom х N,] 


35.5 
= 35.5 amu x №, = N 
A 


х №, gram = 35.5 gram 


Exercise 
(a) What is the mass of one atom of S? 
(b) What is the atomic mass of S ? 
(c) What is the gram atomic mass of S? 
Ans. (a)32amu, (b) 32, (c) 32 gram 


3.1 Molecular mass 


Molecular mass is the number which indicates how many times one molecule ofa substance is heavier in 


] 
comparison to — th of the mass of one atom of C-12. 


12 


Mass of one molecule of the substance (in amu) 
Molecule mam == 


5 [Mass of an atom of C- 12] 


Mass of one molecule of the substance (in amu) 


lamu 


3.2 Gram Molecular mass 


Gram molecular mass can be defined as the mass of 1 mole of molecules. 


32 
e.g., Mass of one molecule of O, = 32 amu = (7 pu 
A 


32 
Mass of N, molecules of О, = CUNG N,gm =32 gm 
к ^ 


Illustration 


(a) What is the mass of one molecule of HNO,? 
(b) What is the molecular mass of HNO,? 
(c) What is the gram molecular mass of HNO,? 
Sol (а) Mass of one molecule of HNO, =(1 + 14+3 x 16) amu = 63 amu. 


63 amu 
(b) Molecular mass of HNO, = "каг =6. 


(c) Gram molecular mass of HNO, = Mass of 1-molecule of HNO, x N, 


63 
= 63 amu x №, = м Em х N, = 63 gram 
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Exercise 
(a) What is the mass of one molecule of H,SO,. 
(b) What is the molecular mass of H.SO,. 
(c) What is the gram molecular mass of H,SO ,. 
Ans. (а) 98 amu (b) 98 (c) 98 gram 


4. METHODS TO CALCULATE MOLES 


4.1 From number of particles : 


Given no. of Paritcles [atoms/mokcules/ ions] 
Ма od mole 2 AAAS ————— 


Na 
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Illustration 


A piece of Cu contains 6.022 х 10?* atoms. How many mole of Cu atoms does it contain? 


6.022x10" — 6022 x10? 


Sol. No. of mole = EE TN = 6022x102 = 10mole 


Exercise 
5 mole of CO, are present in a gaseous sample. How many molecules of CO, are present in the sample? 
Ans. 5 №, 


42 From given Mass: 


Given mass of the substance(gm) 


(a) For atoms : No. of mole = > 
Gram atomic mass 


= No. of g-atoms 


Given mass of the substance(gm) 


(b) For molecules: No. of mole = 
Gram molecular mass 


= No. of g-molecules 


Illustration 


What will be the mass of 5 mole of SO,? 
Ans. Molecular mass of SO, = 64 gm 


5= mass (gm) 
~ 64 
2. mass = 320 gm 
Exercise 


(a) How many mole of O atoms are present in 88 gm CO,? 
(b) What will be the mass of 10 mole of H,PO,? 
Ans. (a)4mole (b) 980 gm 


4.3 From the given volume of a gas : 


s volume of gas at Ibar pressure and 273 К (in litre) 


22.7 


S.T.P.: 1 bar pressure and 273 K. 


- volumeof gas at latm and 273K (in litre) 
| 22.4 | 
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Note: According to old IUPAC agreement, STP condition was I atm pressure and 273 K temperature 
but according to new agreement it is 1 bar pressure and 273K temperature. Although many books 
are still using the condition of 1 atm and 273K for STP. 


If volume is given under any other condition of temperature and pressure, then use the ideal gas equation 
to find the no. of moles. 


PV 
No. of mole(n) =—— 
e(n) RT 
Units of Pressure: 
1 atm = 76 cm Hg = 760 torr = 1.01325 bar = 1.01325 х 10° pa. 
Units of temperature : 
K=°C+273 
Value of R: 
R=0.0821 litre-atm/mole.K 
= 8.314 J/mole.K = 1.987 = 2 cal/mole.K 
Units of volume: 
1 dm? =10°cm? = l litre = 10^ т? = 10° ml 
Im? = 10? litre 
Illustration 


A sample of He gas occupies 5.6 litre volume at 1 atm and 273 К. How many mole of He are present in 
the sample? 


5.6 
Sol. No. ofmole= 224 = 0.25 


Ехегсіѕе 


How much volume will be occupied by 2 mole CO, gas at STP? 
Ans. 45.4L 


Note : We can use the following relationship as per requirement of question. 


No. of particle mass (gm) 


No. of mole = z — 
М, [gm at.or mol.mass] 


_ M(f)occupied bya Gasat STP _ V(f) occupied by a Gas at latm and 273K 
6 22.7 zi 224 


Illustration 


How many molecules of O, are present іп 5.6 litres of O, at 1 atm and 273 К? 
No.of molecules _ V(/)atl atm and 273 К 


Sel. N, 22.4 

No.of molecules 5.6 1 N, 

М. 244 => No. of molecule = uU 1.505 x 10? 
Exercise 

How many molecules of water are present in 9 gram of water? 
Ans. 3.011 x 10” 


5. LAWS OF CHEMICAL COMBINATION 


5.1 Law of conservation of mass (Lavoisier — 1774) : 


In any physical or chemical change, mass can neither be created nor be destroyed. 

It means : 

Total mass of the reactants = total mass of the products. 

This relationship holds good when reactants are completely converted into products. 

In case the reacting material are not completely consumed the relationship will be— 
Total mass of the reactants = Total mass of the products + mass of unreacted reactants 


Limitation : In nuclear reactions, some mass of reactant is converted into energy, so mass of reactant is 
always less than that of product. 


Iilustrations 


Sol. 


1.7 gram of silver nitrate dissolved in 100 gram of water is taken. 0.585 gram of sodium chloride 
dissolved in 100 gram of water is added to it and chemical reaction occurs. 1.435 gm of AgCl and 0.85 
gm NaNO, are formed. Show that these results illustrate the law of conservation of mass. 


Total mass before chemical change = mass of AgNO, + Mass of NaCl + Mass of water 
= 1.70 + 0.585 + 200 = 202.285 gram 

Total mass after the chemical reaction = mass of AgCl + Mass of NaNO, + Mass of water 
= 1.435 + 0.85 + 200 =202.285 gram 

Thus in the given reaction 

Total mass of reactants = Total mass of the products. 


Exercise 


If 6.3 gram of NaHCO, are added to 15 gram CH,COOH solution. The residue is found to weigh 
18 gram. What is the mass of CO, released in this reaction? 


Ans. 3.3 gram 


5.2 Law of constant composition : [Proust 1799] 


A chemical compound always contains the same element combined together in fixed proportion by 
mass. 


Limitations : In case of isotopes, ratio is not fixed 


e.g. "CO, “СО, 
12: 32 14:32 
3:8 7:16 
Illustration 


1,08 gram of Cu wire was allowed to react with nitric acid. The resulting solution was dried and ignited 
when 1.35 gram of copper oxide was obtained. In another experiment 2.3 gram of copper oxide was 
heated in presence of Hydrogen yielding 1.84 gram of copper. Show that the above data are in accor- 
dance with law of constant composition? 

Sol Case-I 


Cu _ HNO, , Cu(NO,), M CuO 


1.08 gram 1.35 gram 
1.35 gram CuO contains — 1.08 gram Cu. 


1.35 


100 gram CuO contains — х 100 = 80 gram Cu 


% Cuin CuO = 80% 
% O in CuO = 20% 


Case-Il 
CuO + Н, — Cu + H,O 
2.3 gram 1.84 gram 
2.30 gram CuO contains ——» 1.84 gram Cu. 
; 1.84x100 
100 gram CuO contains —> CEENO C 80 gram Cu 


% Cu in CuO = 80% 
% O in CuO = 20% 


Both sample have the same composition & hence the data are in accordance with law of constant 
composition. 
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Exercise 


7.95 gram of cupric oxide was reduced by heating in a current of hydrogen and the weight of copper that 
remained was 6.35 gram. In another experiment, 19.05 gram of Cu was dissolved in the nitric acid and 
the resulting copper nitrate is converted into cupric oxide by ignition. The weight of cupric oxide formed 
was 23.85 gram. Show that these results illustrate the law of constant composition. 


53 Lawofmultiple proportion : [Dalton 1806] 


When two elements combine to form two or more compounds, the different masses of one element 
which combine with a fixed mass of the other element, bear a simple ratio to one another. 


Illustration 


Two compounds each containing only tin and oxygen had the following composition. 
Mass % of Tin Mass % of oxygen 
Compound A 78.77 21.23 
Compound B 88.12 11.88 
Show that these data illustrate the law of multiple proportion? 
Sol. 
In compound A 
21.23 parts of oxygen combine with 78.77 parts of tin. 
8.77 


78. 
І part of oxygen combine with 2123 3.7 parts of Sn. 


In compound B 
11.88 parts of oxygen combine with 88.12 parts of tin. 


88.12 
1 part of oxygen combined with 1L88 7.4 parts oftin. 


Thus the mass of Tin in compound A and B which combine with a fixed mass of oxygen are in the ratio 
3.7 :7.40r 1 : 2. This is a simple ratio. Hence the data illustrate the law of multiple proportion. 


Exercise 


Carbon and oxygen are known to form two compounds. The carbon content in one of these is 42.9% 
while in the other it is 27.3%. Show that these data are in agreement with the law of multiple proportion. 


5.4 Law of reciprocal proportion : [Richter 1794] 


When two different elements combine with the same mass ofa third element, the ratio in which they do 
so will be same or simple multiple if both directly combined with each other. 


Illustration 


Sol. 


5.5 


The % composition of NH,, H,O апа N,O, is as given below : 
NH, —> 82.35% N and 17.65% Н. 

H,O — 88.9% О and 11.1% Н 

N,O, —> 63.15% О and 36.85% N 


On the basis of above data prove the law of reciprocal proportion? 


82.35 
= 4.67 part М. 


82.35 
(i) For NH, 1-part of hydrogen reacts with = 17.65 


88.90 
(ii) For H,O 1-part of hydrogen reacts with = TLIO — 8.01 part О. 


Thus the ratio N : O = 4.67: 8.01 = 1: 1.71 
(iii) For N,O, : N and O reacts with each other N : O = 36.85 : 63.15 = 1 : 1.71 


Because the two ratios are same, thus law of reciprocal proportion is proved. 


Gay-Lussac's law of gaseous volumes [Gay-Lussac-1808] : 


When gases combined or produced in a chemical reaction, they do so in a simple ratio by volume 
provided all the gases are at same temperature and pressure. 


SIGNIFICANCE OF CHEMICAL EQUATIONS 


A chemical equation describes the chemical process both qualitatively and quantitatively. The stoichiometric 
coefficients in the chemical equation give the quantitative information of the chemical process. These 
coefficients represent the relative number of molecules or moles of the reactants and products, e.g., 


2 NH, (g) — N, (g) + ЗН, (g) 

2 molecules 1 molecule 3 molecules 
or 2N molecules N molecules 3 N molecules 
or 2 moles 1 mole 3 moles 


Again, Avogadro's principle states that under the same conditions of temperature and pressure, equal 
volumes of gases contain the same number of molecules. Thus, for homogeneous gaseous reactions, the 
stoichiometric coefficients ofthe chemical equation also signify the relative volumes of each reactant and 
product under the same conditions of temperature and pressure, с.о. 


H.(g) * L (g) ә 2HI(g) 
1 molecule 1 molecule 2 molecule 
or 1 mole 1 mole 2 mole 
or 1 volume 1 volume 2 volume(T & P constant) 


or 1 pressure 1 pressure 2 pressure (T & V constant) 
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6.1 LIMITING REAGENT 


The reactant which gives least amount of product on being completely consumed is known as limiting 
reagent. It may also be defined as the reactant that is completely consumed when a reaction goes to 
completion. It comes into the picture when reaction involves two ore more reactants. For solving such 
reactions, first step is to calculate Limiting Reagent. 


Calculation of Limiting Reagent: 
Method-I: Bycalculating the required amount by the equation and comparing it with given amount. 
[Useful when only two reactant are there] 
Method-II: Bycalculating amount of any one product obtained taking each reactant one by one 
irrespective of other reactants. The one giving least product is limiting reagent. 
Method-III: Divide given moles of cach reactant by their stoichiometric coefficient, the one with 


least ratio is limiting reagent. [Useful when number of reactants are more than two.] 


Illustration 


If 20gm of CaCO, is treated with 20gm of HCl, how many grams of CO, can be generated according 
to following reaction? 


CaCO,(g) + 2HCl(aq) > CaCl,(aq) + H,O(4) + CO,(g) 


20 
Sol. Mole of CaCO, = 760^ 0.2 


20 
= —— =()548 
Mole of HCI 365 


| Mole 


————— | for CaCO. = 2 od 
Stoichiometric co - efficient xe ric: iii P o 


Mole 0.548 
P co- uu forHCI- 7,7- 0.274 


So CaCO, is limiting reagent 
According to reaction : 
100 gm of CaCO, gives 44gm of CO, 


„. 44 
20 gm CaCO, will give »» =8.8 gm CO, 
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Exercise 


Calculate the mass of carbon tetrachloride can be produced by the reaction of 144gm of carbon with 71 
gm of Chlorine. 


Ans. 77gm 


6.2 PROBLEMS RELATED WITH MIXTURE 


Illustration 


4 gram of a mixture of CaCO, and Sand (SiO,) is treated with an excess of HCI and 0.88 gm of CO, 
is produced. What is the percentage of CaCO, in the original mixture? 


Ans. CaCO, + 2HCI — CaCl, + H,O + CO, 
510, + НСІ > No reaction 
CaCO, =x gm 
100 gm CaCO, gives —— 44 gm CO, 
x gm CaCO, gives—— 0.88 gm CO, 


2 
% CaCO, = 4100 = 50% 


Ехегсіѕе 


44 gram sample ofa natural gas, consisting of methane [СН] and ethylene [C,H,] was burned in excess 
of oxygen yielding 132 gm CO, and some H,O as products. What is the mole % of ethylene in the 
sample? 


Ans. 5076 


6.3 PERCENTAGE YIELD 


In gener59al, whena reaction is carried out in the laboratory we do not obtain the theoretical amount of 
product. The amount of product that is actually obtained is called the actual yield. Knowing the actual 
yield and theoretical yield, the % yield can be calculated by the following formula- 


Actual yield 


€ ;*^!®0% 
Theoritical yield 


Percentage yield = 
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Illustration 
For the reaction 


CaO + 2HCI — CaCl, + H,O 


1.12 gram of CaO is reacted with excess of hydrochloric acid and 1.85 gm CaCl, is formed. What is the 
% yield of the reaction? р 

Sol СаО + 2HCI —> CaCl, + H,O 
56 gm CaO will produce 111 gm CaCl, 


111 
1.12 gram of CaO will produce > 6" 1.12 22.22 gm 


Thus Theoretical yield = 2.22 gm 
Actual yield = 1.85 gm 


1.85 
% yield = 757 100 = 83.33 % 


Exercise 


Calculate the mass of KCI that is produced from 1 mole of KCIO, if% yield of reaction is 80? 
Ans. 59.6gm 


6.4 PERCENTAGE PURITY 


Depending upon the mass of the product, the equivalent amount of reactant present can be determined 
with the help of given chemical equation. Knowing the actual amount of the reactant taken and the 
amount calculated with the help ofa chemical equation, the purity can be determined, as 


Amount of reactant calculated from the chemical equation 


x100% 
Actual amount of reactant taken 


Percentage purity = | 
Шивїгайїоп 


Calculate the amount of (CaO) in kg that can be produced by heating 200 kg lime stone that is 90% pure 
СаСО,. 


200x90 _ 194 
100 5 


Sol. Mass of Pure CaCO, = 
CaCO, —— CaO + CO, 


100 kg 56 kg 
180 X 
100 _ 56 


mo g Ux 100.8 kg 
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Exercise 


Ans. 


Calculate the mass of coal sample in kg containing 0.05% mass of iron pyrite [FeS,] that can produced 
44.8 litre of SO, at latm and 273 with 40% reaction yield? 


5 
FeS, + 5 0, — FeO + 280, 


600 kg 


6.5 PROBLEMS RELATED WITH SEQUENTIAL REACTION 


Hlustration 


Sol. 


(ii) 


KCIO, can be prepared by Cl, and KOH by a series of reactions as given below 
Cl, + 2KOH —> KCI + КСІО + H,O 

3KCIO— > 2КСІ + KCIO, 

4KCIO, —> 3KCIO, + KCI 


(i) Calculate mass of CL, in gram required to produce 1385 gm KCIO,? 
(ii) Calculate the total mass of KCI produced іп 1“, 2™ and 3" reaction? 


(i) Let mole of Cl, required = x 

Cl, + 2KOH —> KCI + КСІО + H,O 
X X X 

3KCIO —9 2KCI + KCIO, 


2х х 
: 3 3 
4KCIO, —> 3KCIO, + KCI 
x х х 
3 4 12 
Mole of KCIO, formed = ST n 
осо оппеа = 138.5 $- 
x 
—z10 = 
4 " x=40 


-. Mass of Cl, required for the reaction = 40 x 71 = 2840 gm 


2x 2 
KCI produced from 1“, II"? and III? reaction = [x dim. 2j mole 


_ 21х | 2^ iamen | 
= —— mole = 12 mole 


<. Mass of KCI produced =70 х 74.5 = 5215 gram 
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Exercise 


Ans. 


Sulphur trioxide may be prepared by the following two reactions 
S, + 80, — 850, 
250, + О, —9 250, 
How many gram of SO, will be produced from 1 mole of S,. 
640 gram 


6.6 PROBLEM RELATED WITH PARALLEL REACTIONS 


Illustration 


If 6 moles of KCIO, are decomposed according to following reactions calculate the moles of KCIO, 
produced if mole of O, produced are 3? 


3 
КСО, —— KCI + 2 O, um 
АКСО, —> 3KCIO, + KCI ... (ii) 
Sol — Letx-mole KCIO, reacts in reaction (i) and y mole KCIO, reacts in reaction (ii) 
3 
KCIO, —> KCI + 5% B i 
3x 
x mole > mole 
4KCIO, —> 3KCIO, + KCI ... (ii) 
y mole 
From question x+y=6 
"ELE 
and — = 
x=2mole and y=4mole 
It means 4 mole KCIO, reacts in reaction (ii) 
From reaction (ii) 
4 mole KCIO, gives 3 mole KCIO, 
Ans. 3 mole 
Exercise 
3 
A,+2B,—— A,B, and 2 A, t 2B, —9 A,B, 
Two substances A, and В, are allowed to react completely to form A,B, and A,B, mixture, leaving 
none ofthe reactions. Using this information. Calculate the composition of final mixture when 5/4 mole of 
A, and 2 mole of B, is taken? 
Ans. A,B,=0.5 mole, A,B,=0.5 mole 


15 


6.7 PRINCIPLE OF ATOM CONSERVATION 


The principle of conservation of mass, expressed in the concepts of atomic theory means the conservation 
of atoms. And if atoms are conserved, moles of atoms shall also be conserved. This is known as the 
principle of atom conservation. This principle is in fact the basis ofthe mole concept. 
In order to solve problems of nearly all stoichiometric calculations, let us first see how this principle 
works. Choose an example, 
KCIO, (s) —> KCI (s) + О, (р) 

Apply the principle of atom conservation (POAC) for K atoms. 
Moles of K atoms in reactant = mole of K atoms in products 
Moles of K atoms in KCIO, = moles of К atoms in KCI. 
Now, since | molecule of KCIO, contains | atom of K 
or | mole of KCIO, contains 1 mole of K, similarly, 1 mole of KCl contains 1 mole of К 
Thus, mole of K atoms in KCIO, = 1 x moles of KCIO, 
and = MoleofK atoms in КСІ= 1 x moles of KCI 

mole of KCIO, = mole of KCI 


wtofKClO,ing wt.of KCling 

oF molwt.of KClO, ~ mol wt.of KCl 
The above equation gives the weight relationship between KCIO, and KCI which is important in 
stoichiometric calculations. 
Again, applying the principle of atom conservation for O atoms, 
Moles of O in KCIO, = moles ofO in О, 
But since I mole of KCIO, contains 3 moles of O and 1 mole of O, contains 2 moles of O, 
Thus mole of O in KCIO, =3 x moles of KCIO, 

Moles of O in O, = 2 x moles of O, 

3 x moles of KCIO, =2 x moles of О, 


wt.of KCIO, wt. of O, 
- 3 * mol.wt.of KCIO, . 2 * mol. wt.of О, 


Mole of O, тау also be expressed in volume. 
Illustration 


All carbon atoms present in KH,(C,O,),.2H,O weighing 254 gm is converted to CO,. How many 
gram of CO, were obtained? 


Sol. Apply P.O.A.C. on carbon atom 
4 x mole of KH,(C,0,),.2H,O = 1 х mole of CO, 
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Exercise 


Asample of KNO, weighing W, gram undergo a series of reaction in such a way that all nitrogen atom 
are converted to K,Zn,[Fe(CN),],. How many gram of the product were obtained ? 
[Given M.wt of KNO, = M,, M.wt of K,Zn, [Fe(CN),)], = M,] 
WM, 
Ans. 1 2M, 


7.1 AVERAGE ATOMIC MASS 


total mass 


Average atomic mass = total mole of atoms 


Leta sample contains n, mole of atoms with atomic mass M, and n, mole of atoms with atomic mass 
M,. then 


Illustration 


Find the average atomic mass of a mixture containing 25% by mole CP? and 75% by mole CP5 ? 
Sol п, =25 M, =37 
п,= 75 M, = 35 


_ 25х37+75х35 _ 


M,, ~ 
25+75 


35.5 


Exercise 


Ag!” and Ag!09 
average atomic mass = 108.5 find % by mole of each isotope 
Ans. Ag!" = 25%, Ар! = 75% 


7.2 AVERAGE MOLECULAR MASS 


total mass 


Average molecular mass = ————————2——— —— 
totalmole of molecules 


Let a sample contains n, mole of molecules with molecular mass M, and n, mole of molecules with 
molecular mass M, , then 


nM * nM, 


M 
= nn; 
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Illustration 


Airisa mixture of O, and N, in which О, is present 20% by mole and №, is present 80% by mole. Find 
out the average molecular mass of air? 


Sol  n,-20 М, = 32 
п, = 80 M, = 28 
M val nM, + n,M, е 20х32 +80х 28 28.8 

" (n, +п,) (20+80) 

Exercise 
Two gases A and B [M.wt of A= 20 and M. wt of B = 30] are mixed in the mole ratio a : b and the 
average molecular mass ofthe gas mixture is 24. What will be the average molar mass ofthe gas mixture, 
if gases A and B are mixed in the ratio b : a? 

Ans. 26 

8. EMPIRICAL & MOLECULAR FORMULA 
Empirical formula of a compound represents the ratio of different atoms present in a molecule. 
Molecular formula ofa compound represents the exact no. of atoms present in a molecule. 
For Hydrogen peroxide, Empirical formula = HO, Molecular formula = Н,О, 
Steps for writing the empirical formula 
The percentage of the elements in the compound is determined by suitable methods and from the data 
collected, the empirical formula is determined by the following steps: 

(i) Divide the percentage of each element by its atomic mass. This will give the relative number of moles of 
atoms of various elements present in the compound. 

(1) Divide the quotients obtained in the above step by the smallest of them so as to get a simple ratio of 
moles of various elements. 

(шу) Multiply the figures so obtained, by a suitable integer, if necessary, in order to obtain a whole number 
ratio. 

(iv) Finally write down the symbols of the various elements side by side and put the above number as the 


subscripts to the lower right hand corner of each symbol. This will represent the empirical formula of the 

compound. 

Steps for writing the molecular formula 

(1) Calculate the empirical formula as described above. 

(ii) Find out the empirical formula mass by adding the atomic masses ofall the atoms present in 
the empirical formula ofthe compound. 

(iii) ^ Dividethe molecular mass (determined experimentally by some suitable method) by the 
empirical formula mass and find out the value ofn. 


18 


Illustration 


Calculate the empirical formula for a compound that contains 26.6% potassium, 35.4% chromium and 


38.1% oxygen by mass ? 
Given : [Atomic wt : - К = 39; Cr= 52; О = 16] 


Sol. Element 


K:Cr:O 


Empirical formula :- К,Сг,О, 


Exercise 


Atomic 
mass 


39 


52 


: 2: 7(whole no. ratio) 


Relative no. of 


atoms 


A carbon compound containing only carbon and oxygen has an approximate molecular mass of 290. On 
analysis it is found to contain 50% by mass of each element what is the molecular formula of the compound? 


Ans. C40, 


VAPOUR DENSITY 


Some times in numericals molecular mass of volatile substance is not given, instead vapour density is 


given. Vapour density can be defined as 


v.p, = Density of gasata given Tand P 


Or, 


Density of H, atsame Tand P 


Mas 72x VD. 
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Illustration 


Sol. 


A compound of nitrogen and oxygen was found to contain 7 : 16 by mass N and О respectively. 
Calculate molecular formula of the compound if V.D. is 46 ? 

Let mass of N = 7 К gram 

Mass of O= 16 K gram 


Element Mass Atomic mass Relative no. of atoms — Simple ratio 
7K 0.5 К 
= —— 21 
N 7K 14 1 0.5K 05K 
16K K 
— = = 2 
о 16K 16 16 K 05K 
N:O=1:2 


Empirical formula=NO, 


10. 


(Empirical formula), = molecular formula 


-— M.mass  2xVD 2x46 
empirical formula mass 46 46 2 
Molecular formula = (NO,), = №0, 


EXPERIMENTAL METHODS FOR DETERMINATION OF ATOMIC MASS & 
MOLECULAR MASS 


10.1 For determination of atomic mass :- 


DULONG'S & PETIT'S LAW 


In case of heavy solid elements, it is observed that product of atomic mass and specific heat capacity is 
almost constant. 


Atomic mass x Specific heat capacity (Cal/gm °C) = 6.4 


It should be remembered that this law is an empirical observation and this gives an approximate value of 
atomic mass. 


Illustration : 


Ans. 


The approximate specific heat capacity of a metal is 0.836 J/gm °C. Find out the approximate atomic 
mass ofthe metal? 


Atomic mass * specific heat = 6.4 


6.4 6.4 


Atomic mass = specific heat = 0.836/4.2 — 
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10.2 For determination molecular mass : 


10.2.1 


Some ofthe most commonly used methods for determination of molecular mass are: 
(1) Victor Meyer's Method 

(ii) Silver Salt Method 

(iii) Platinic chloride method 


VICTOR MEYER'S METHOD 

(Applicable for volatile substance) 

A known mass ofthe volatile substance is taken in the Hoffmann's bottle and is vapourised by throwing 
the Hoffmann's bottle into the Vector Meyer's tube. The vapours displace an equal volume of the moist 
air and the moist air displaced by the vapours is measured at the room temperature and atmospheric 
pressure. Following diagram gives the experimental set-up for the Victor - Meyer's process. 


Calculations involved 
Let the mass of the substance taken be =We 
Volume of moist vapours collected =V cm? 
Room temperature =TK 
Barometric pressure =Pmm 
Aqueous tension at T K =pmm 
Pressure of dry vapour =(P-p)mm. 
Calculation of molecular mass(M). 

(Р-р) У Урт 

760 1000 M 
м=% xRTx760x1000 


(P-p)x V 
Applying PV =nRT for the dry vapour and using п = w/M 


Vapour pressure of liquid 

The pressure exerted by the vapours in equilibrium with its liquid state is called vapour pressure of liquid. 
In case of liquid water itis also known as aqucous tension. 

It depends only on temperature of liquid and is independent of 

(i) Amount of liquid 

(ii) Surface area of liquid 

(ш) Volume of container 
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Illustration 


Sol. 


10.2.2 


0.15 g ofa substance displaced 58.9 cm? of air at 300 K and 746 mm pressure Calculate the molecular 
mass. (Aq. Tension at 300 К = 26.7 mm). 


Mass of the substance =0.15¢g 
Volume ofair displaced (V) = 58.9 ст? 
Temperature (Т) = 300 К 
Ргеѕѕиге (Р) = 746 - 26.7 = 719.3 тт 
719.3 589 0.15 
= — — = —— x0.821x 300 
Molecular mass 760 x 1000 M x x 


Molecular mass = 66.27 g/mol 


SILVER SALT METHOD 
{Applicable to organic acids only). 


A known mass of the acid is dissolved in water followed by the subsequent addition of silver nitrate 
solution till the precipitation of silver salt is complete. The precipitate is separated, dried, weighed and 
ignited till decomposition is complete. The residue of pure silver left behind is weighed. 


HX ANO, ; AgX Ignite » Ag 
organic acid Silver salt Silver 


(NW gl i^g? 


Calculations involved 


Let the mass ofthe silver salt formed =W g 
The mass of Ag formed =хр 
For polybasic acid of the type Н X (n is basicity) 


Н, P 4 AgNO, A g, а ignite »n A g 
Organic acid Silver salt silver 
( к) (xg) 
Mass of silver that gives x gofAg = Wg 


: А 1087 WW 
Mass of silver that gives n g- atom(108g)of Ag = x & 


108x niF 
Molar Mass of salt = f S 


Molar mass of acid = (molar mass of salt) — n (atomic mass of silver) + n (atomic mass of Н) 


108xnW 108W 
X x 


-nx108+nx1=n -107 Jem 
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Illustration 


0.41 gofthe silver salt ofa dibasic organic acid left a residue to 0.216 g of silver on ignition. Calculate 
the molecular mass of the acid 


Sol. Molecular mass of the silver salt taken (W) =0.41 g 
Mass of Ag formed (x) =0.216@ 


Н.Х > Ag,X — 24g 


wzD4lg х=0.2162 


108W , 
Now molar mass of acid = Y -107 e mol ' 
108x0.41 
= 2|] — —C——-107 |g mol” 2196gmol ' 
| 0.216 у = 


10.2.3 PLATINIC CHLORIDE METHOD 
(Applicable for finding the molecular masses of organic bases.) 
A known mass of organic base is allowed to react with chloroplatinic acid (H,PtCl,) in presence of conc. 
HCI to form insoluble platinic chloride. The precipitate of platinic chloride is separated, dried, weighed 
and is subsequently ignited till decomposition is complete. The residue left is platinum which is again 
weighed. The molecular mass is then calculated by knowing the mass of the platinic chloride salt and that 


of platinum left. 
If Brepresents the molecule of monoacidic organic base, then, the formula of platinic chloride salt is 
B,H,PtCl, 
H.PtCI, lg nite 
В 50а  BQH,PICI, — > Pt 
Organic Platinic chloride salt(Wg) (xg) 


ase 


Calculations involved 
Let the mass of platinic chloride salt = Ме 
The mass of platinum residue left =xg 
It may be noted that salt formed with diacidic base would be B (H,PtCI,) : with triacidic base 
would be B,(H,PtCl,), and with polyacidic base would be B,(H,PtCl,) 


Wx195xn 


Mass of salt which gives 195g (1 g- atom) of Pt= x 


W x]95xn F 
Molar mass of salt = — ^7 gmol 


Now from the formula B,(H,PtCl,), 


23 
Molar mass of salt = [2 x Molar mass of base] + n x [Molar mass of H,PtCI,] 


Molar mass of base = 5( Molar mass of salt — Molar mass of H,PtCl,) 


} 
(nsn... ano. S [9395 ao) -— 
X 2 X 
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Illustration 


0.98 g ofthe chloroplatinate of some diacidic base when ignited left 0.39 g of platinum as residue. What 
is the molecular mass of the base? (At. Mass of Pt = 195) 
Sol. Mass of the chloroplatinate salt (W) = 0.98 g 


Mass of platinum (x) =0.39 р 
Acidity of the base (n) =2 
п{ Wx195 4 
Now molar mass ofthe base = a. 410 |gmol 
2 0.98 x 195 -1 
= —| ———-—-410 ы E 
Al 0.39 Jemo 80 gmol 


11. EUDIOMETRY - GAS ANALYSIS 


The study of gaseous reactions is done in a eudiometer tube with the help of Gay-Lussac’s law and 
Avogadro’s law. Eudiometer tube is a closed graduated tube open at one end. The other end is a closed 
one which is provided with platinum terminals for passing electricity for electric spark, through the known 
volume of mixture of gases and known volume of oxygen gas. Volume of CO, formed is determined by 
absorbing in KOH solution, O, is determined by dissolving unreacted O, in alkaline pyrogallol and 
water vapours formed are determined by noting contraction in volume caused due to cooling. Eudiometry 
helps : 


(i) To study composition of gaseous mixture 

(ii) To study volume - volume relationship 

(iii) To determine molecular formula of gaseous hydrocarbons and 
(iv) To determine molecular formula of gases 


11.1 GAY LUSSAC LAW 


According to Gay - Lussac's law, the volumes of gaseous reactants reacted and the volumes of gaseous 
products formed, all are measured at the same temperature and pressure, bear a simple ratio. 
М›(в)+ 3H3(g)—92NH;(g) 
3mol 


1 mol 2mol 
1 vol 3vol 2vol 
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ACC- CH-MOLE CONCEPT 


11.2 AVOGADRO'S LAW 


In 1812, Amadeo Avogadro stated that samples of different gases which contain the same number of 
molecules (any complexity, size, shape) occupy the same volume at the same temperature and pressure. 


For ideal gas at constant Temperature & Pressure, pressure is directely proportional to no. of moles 


11.3 SOME ABSORBENTS OF GASES 


The absorbent which is used for specific gas is listed below 


Gas or gases absorbed 


Turpentine oil 3 
Alkaline pyrogallol > 
Ferrous sulphate solution NO 
Heated magnesium 


Heated palladium H, 

Ammonical coprous chloride O,, CO, C, Н, or CH = CH 

Copper sulphate solution H,S, PH,, AsH, 

Conc.H,SO, Н,О i.e., moisture, NH, 

NaOH or KOH solution CO,, NO,, SO,, X,, all acidic oxides 


11.4 VOLUME EXPANSION AND CONTRACTION IN THE EUDIOMETER TUBE 


aA(g) + bB(g) ——> cC(g) + dD(g) 

An, = No. of gaseous products —No. of gaseous reactants = (c + d) – (a + b) 
(a) If An,» 0, then expansion will occur 

(b) If ^n m 0, No contraction /expansion (volume remains constant) 


(c) If An, < 0, then contraction will occur 


11.5 ASSUMPTIONS 


All gases are assumed to be ideal. 
Nitrogen gas formed during reaction will not react with any other gas. 
The volume of solids and liquids are negligible in comparision to the volume of gas. 


11.6 GENERAL REACTIONS FOR COMBUSTION OF ORGANIC COMPOUNDS 


(i) 


When an organic compound is hydrocarbon : 


У X 
C,H, + (+2) О, э xCO, + > H,O 


* ~ а ix E 1 1 . mars 


(ii) 


(iti) 
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When an organic compound contain carbon, hydrogen and oxygen: 


CHO +(x+2-Z} 0 5 хсо,+ Ў но 
xy = 4 2 2 2 43 


When an organic compound contain carbon, hydrogen and nitrogen : 


У y 2 
C,H,N, + (x+ z) О, > xCO, + > H,O + 2 


2 № 


11.7 ANALYSIS OF GASEOUS MIXTURE 


Illustration 


10 ml ofa mixture of CO, CH, and N,, exploded with excess of oxygen, gave a contraction of6.5 ml. 
There was a further contraction of 7 ml when the residual gas was treated with KOH. What is the 
composition ofthe original mixture? 


Sol. Let the volume of CO -aml 
CH,-bml 
№, = (10—a- b) ml 
The explosion reactions are 
CO + 1/2 O, 2 CO, 
a a2 a 
CH, + 20, CO, + 2H,0 (/) 
b 2b b 
contraction in volume = a + a/2+b+2b-—a-b=6.5 
onrat4b-13 | | | J .. (1) 
CO, is absorbed by KOH solution 
= atb=7 „ы (2) 
From equation (1) and (2) a=5, b=2 
vol of CO = 5mL 
vol of CH, =2mL 
vol of N, 210-5-2-3mL 
Exercise 
A mixture of CL, gas (2.8 L) and H, gas (3L) was exploded in a eudiometer tube. Calculate the composition 
by volume ofthe resulting mixture ifall measurements are done under similar conditions of temperature 
and pressure. 
Ans. Volume of H, gas left behind = 0.2 L, Volume of HCI gas formed = 5.6 L 
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11.8 VOLUME - VOLUME ANALYSIS 


Illustration 


Sol. 


| litre of a mixture of CO and CO, is taken. This mixture is passed through a tube containing red hot 
charcoal. The volume now becomes 1.6 litres. The volumes are measured under the same condition. 
Find the composition of the mixture by volume. 
Let the volume of CO, in the mixture be x litres 
On passing through red hot charcoal, СО, + C — 2CO 
x litre 2x litre 
Now, total volume of CO = (1— x) + 2х = 1.6 (given) 
н x = 0.6 litre 
volume of CO, in the mixture = 0.6 litre 
volume of CO in the mixture = 1 — 0.6 = 0.4 litre 


Exercise 


Ans. 


60 ml ofa mixture of nitrous oxide and nitric oxide was exploded with excess of hydrogen. If 38 ml of N, 
was formed, calculate the volume of each gas in the mixture. 

NO = 44 ml 

N,O= 16 ml Ans. 


11.9 DETERMINATION OF MOLECULAR FORMULA OF GASEOUS HYDROCARBONS 


Illustration 


Sol. 


A gascous hydrocarbon (V.D. = 15) having volume 10 ml was exploded with excess of O,. On cooling, 
acontraction in volume by 25 ml was observed. Calculate the molecular formula ofthe hydrocarbon. 


Let the molecular formula of hydrocarbon =C, I 3 


Reaction СН + [x+2]o, —+xco, + 7H 
10m uc) ml 10x ml 


From reaction contraction in volume is givenas: 10+ 10 [s * AE Ох = 25 (given) 


cà y=6 

Now, Formula of hydrocarbon = C.H, 
Mol. wt. of CH. = (12x x) + (6x 1) = 2x 15 
x22 


Hence, Molecular formula of hydrocarbon = C,H, 
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Exercise 


Ans. 


500 ml ofa hydrocarbon gas burnt in excess of oxygen yields 2500 ml of CO, and 3.0 litres of water 
vapours, all the volume being measured at the same temperature and pressure. What is the formula of 
hydrocarbon gas ? 

С.Н, 


11.10 DETERMINATION OF MOLECULAR FORMULA OF GASES 


Iilustration 


60 ml ofa mixture of equal volumes of Cl, and an oxide of chlorine were heated and then cooled back 
to the original temperature. The resulting gas mixture was found to have a volume of 75 mL. On treatment 
with caustic soda, the volume contracted to 15 ml. Assuming that all measurements where made at the 
same temperature & pressure, deduce the simplest formula of the oxide of chlorine. (The oxide of 
chlorine on heating decomposes quantitatively to give O, & CL) 


Sol Let СІ,О, be the oxide. 
x M 
со, > 2 Cl, + 2 O, 
Vol. — Ivo wol 
ol. > Vo. 5 Vol. 

30 ml I5xml 15уті 

Volume of Cl, O, = Vol. of Cl, initially ^ 30 ml 

After cooling volume =75 ml 

This corresponds to volume of Cl, initially plus volume of Cl, produced & O, produced. 

У(С1,) + У(СІ, produced) + V(O,)=75 ml 

NaOH absorbs СІ, apart from CO,. So after NaOH treatment, the residual volume corresponds to the 

volume of O, = 15 ml 

and У (CL, produced) = 75 – V (CL) - М(О,) = 75 —30— 15 = 30 ml 

15x 2302 x-2 

and 15у = 15 >y=1 

Hence, formula of oxide of chloride is CLO. 
Exercise 

50 ml of pure and dry oxygen was subjected to silent electric discharge and on cooling to the original 

temperature , the volume ofozonised oxygen was found to be 47 ml. The gas was then brought in contact 

with turpentine oil, the remaining gas occupied a volume of 41 ml. Find the molecular formula of ozone. 
Ans. O, 
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12.1 


12.1.1 


CONCENTRATION TERMS 


A solution is a homogeneous mixture of two or more substances, the composition of which may vary 
within limits. “A solution is a special kind of mixture in which substances are intermixed so intimately that 
they can not be observed as separate components". The substance which is to be dissolved is called 
solute while the medium in which the solute is dissolved to get a homogeneous mixture is called the 
solvent. A solution is termed as binary and ternary if it consists of two and three components respectively. 


METHODS OF EXPRESSING CONCENTRATION OF SOLUTION 


Concentration of solution is the amount of solute dissolved in a known amount ofthe solvent or solution. 
The concentration of solution can be expressed in various ways as discussed below. 


Percentage : It refers to the amount ofthe solute per 100 parts ofthe solution. It can also be called as 
parts per hundred (pph). It can be expressed by any of following four methods : 


Wt.of solute (g) E 


—— ei x100 
Wt.of solution (g) 


(i) Weight by weight percentage (%w/w)= 


e.g., 10% Na,CO, solution w/w means 10g of Na,CO, is dissolved in 100g of the solution. (It means 
10g Na,CO, is dissolved in 90 of solvent) 


Wt. of solute(g) 


Е) 
Volume of solution (ст ) 


(ii) Weight by volume percent (% w/v) = 


e.g., 10% Na,CO, (w/v) means 10g Na,CO, is dissolved in 100 cm’ of solution. 


Volume of solute m? 


7\x100 


(iii) Volume by volume percent (% v/v) = Voline of PE ER 


e.g., 10% ethanol (v/v) means 10cm* of ethanol dissolved in 100 cm’ of solution. 


———— HIP £152 
(iv) Volume by weight percent (ул) = i tion 


e.g., 10% ethanol (v/w) means 1 Ост of ethanol dissolved in 100g of solution. 
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Illustration 


Concentrated nitric acid used as laboratory reagent is usually 69% by mass of nitric acid. Calculate the 
volume ofthe solution which contains 23 g nitric acid. The density of concentrated acid is 1.41 gem™. 


Sol. Given HNO, is 69% by mass; 
density of HNO, = 1.41 g cm”. 
Thus (1) 69 g HNO, is present in conc. HNO, = 100 g 


100 
23 g HNO, is present in conc. HNO, = g” 23 =33.33 g 
T . , Mass 33.33 
(ii) Volume of solution required = Density = 1.41 23.64 mL 


Exercise 


Calculate % w/w of NaOH in a solution containing 40% w/v NaOH . Density of solution is d (g/ml). 


40 
Ans. % by mass = т 


12.1.2 Parts per million (ppm) and parts per billion (ppb) : When a solute is present in very small quantity, 
it is convenient to express the concentration in parts per million and parts per billion. It is the number of 
parts of solute per million (10^) or per billion (10?) parts of solution. It is independent of the temperature. 

— Mass of solute а. x106 
Total mass of solution 
_ Mass of solute component x10? 


mm Total mass of solution 


Illustration 


Calculate the parts per million of SO, gas in 250 ml water (density 1 g cm™) containing 
5 x 107 g of SO, gas. 

Sol Mass of SO, gas = 5 x 10g; 
Massof H,O = Volume Density = 250 ст? х 1gcm? -250g 


-. Parts per million of SO, gas = 
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Exercise 


Units of parts per million (ppm) or per billion (ppb) are often used to describe the concentrations of 
solutes in very dilute solutions. The units are defined as the number of grams of solute per million or per 
billion grams of solvent. Bay of Bengal has 1.9 ppm of lithium ions. What is the molality of Li* in this 
water ? 

Ans. 22x10^ 


12.1.3 Normality (№) : It is defined as the number of gram equivalents ofa solute present per litre of the 
solution. Unit of normality is gram equivalents litre". Normality changes with temperature since it involves 
volume. When a solution is diluted x times, its normality also decreases by x times. Concentration in 
terms of normality is generally expressed as, 


N = Normal solution; 5N = Penta normal, 10N = Deca normal; 
N/2 = semi normal; N/10 = Deci normal; N/5 = Penti normal 
N/100 or 0.01 N = centinormal, N/1000 or 0.001 = millinormal. 
Mathematically normality can be calculated by following formulas, 


(i) Normality 
N= Number of gram equivalents of solute _ Weight of solute in gram 
Е Volume of soltuion(/) equivalent weight of solute x Volume of solution(f) 
wt. of solute x 1000 


© eq. wt. of solute wt. of solution (ml) 


Gram molar mass 
Equivalent weight of solute = Acidity/Basicity/Cation valency 
Acidity = No. of replaceable OH” in a molecule of a base 
For example : Acidity of NaOH = 1 
Basicity = No. of replaceable Н” in a molecule of an acid 
For example : Basicity of H. SO, - 2 


(ii) If volume V, and normality №, is so changed that new normality is N, and volume is V, then, 


N,V, = N,V, | (No. of equivalents remains same in mixing and dilution) 


(iii) When two solutions of the same solute and solvent are mixed then normality of mixture (N) is 
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Illustration 
Calculate normality of 7g /LH,SO,. 
sa "Nous ou ud cepa 


"59, Бам 49 7 


Exercise 


How many grams of oxalic acid are to be dissolved in 250 ml water to prepare 0.1 N solution? 
(Eq. wt. of ox. acid = 63) 
Ans. 1.575g 


12.1.4 Molarity (M) : Molarity ofa solution is the number of moles of the solute per litre of solution (or 
number of millimoles per ml of solution). Unit of molarity is mol/litre or mol/dm’. For example, a molar 
(1M) solution of sugar means a solution containing | mole of sugar per litre of the solution. Solutions in 
terms of molarity is generally expressed as, 


M 
IM = One molar solution, 2M = Molarity is two, > 9t 0.5M = Semimolar solution, 


M M 
10 or 0.1 M = Decimolar solution, —~ 100 or 0.01 M = Centimolar solution 


1000 — — 0г0.001 M = Millimolar solution 


Mathematically, molarity can be calculated by following formulas : 


No. of moles of solute(n) _ wt. of solute (gm) и 1000 


1) hag roce erm cmo m ~ gm mol.wt. of solute wt. of solution (ml) 


(11) If molarity and volume of the solution are changed from M,, У, to M., V, Then, 

M,V, 2 M,V, 
(iii) In balanced chemical equation, if n, moles of reactant-1 react with n, moles of reactant-2 . Then, 

n, A * n,B ———» Product 
n; п, 

(iv) Iftwo solutions of the same solute are mixed then molarity (M) of resulting solution 

MM +М,У, 

(V, * V) 
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Illustration 


A bottle of commercial sulphuric acid (density 1.787 g mI’) is labelled as 86% by weight. What is the 
molarity of acid? 


Wt. of H5SO, in IL solution 


Sol (i) Molarity of H,SO,= mol. wt. of H,SO, 
86 
But wt. of given H,SO, per litre = 100 1.787 x1000 = 1536.82 g. 
| 1536.82 
Hence molarity of H,SO,= =" 15.68 mol L~! 
Exercise 
A sample contains І, and benzene. The mole fraction of 1, = 0.2. Calculate molarity of solution if 
(i) density of solution is d gm/ml (ii) density of L & benzene are dj, & д. 
А 0.2 
Ans. (1) М = 1.774 (ii) M = 72— — х 1000 
50.8 ^ 62.4 
di, a 


12.1.5 Formality (Е) : Formality of solution may be defined as the number of gram formula units of the ionic 


solute dissolved per litre ofthe solution. It is represented by F. Commonly, the term formality is used to 
express the concentration ofthe ionic solids which do not exist as molecules but exist as network of ions. 
A solution containing one gram formula mass of solute per litre ofthe solution has formality equal to one 
andis called Formal solution. It may be mentioned here that the formality of a solution changes with 


change in temperature. 
Formality(F) = Number of gram formula коне of solute 
Volume of solution in litres 
_ Mass of ionic solute(g) 
gram formula unit mass of solute x Volume of solution (1) 
Illustration 


Sol. 


What will be the formality of KNO, solution having strength equal to 2.02 g per litre ? 
Strength of KNO, = 2.02 gL 
and — gformula weight of KNO, = 101 g 


strength in g/' 2.02 
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Exercise 


Calculate the formality of NaCl solution, 5.85 g of which have been dissolved to form 250 ml of the 
given solution 
Ans. 04F 


12.1.6 Molality (m) : It is the number of moles of the solute per 1000g of the solvent. Unit of molality is 
mol/kg. For example, a 0.2 molal (0.2m) solution of glucose means a solution obtained by dissolving 
0.2 mole of glucose in 1000 gm of water. Molality (m) does not depend on temperature since it involves 
measurement of weight of liquids. 


Mathematically molality can be calculated by following formulas, 


ws oe x Number of moles of solute Number of moles of solute x 1000 
(i) Weight ofsolventinkg — Weight of solvent in gm 


Wt.of solute 2 1000 


Етти тарти 


Illustration 


The density ofa3 M Na, S, О, solution is 1.25 g ml". Calculate percentage by mass of Na,S,O, and 
molalities of Na‘ and S, 02 ?- ions. 
Sol (i) Total mass of Na,S, O, solution = Vol of solution x Density of solution 
= 1000 ml x i .25 вті! = 1250 g 
Wt. of 3M Na,S,O, in 1000 ml solution = 3 х Mol. wt of Na,S,O, (158)=474 g 
[-- Mol. wt. of Na,S,O, = 158 g mol"!] 
Wt. of Na,S,0, 474 
. 0 ————— - = 0 
- % of Na,5,0, = Total wt. of solution ~ 100 1250 x 100 = 37.92% 


(ii) To find molality of Na" ions 
"3м М№а,5,0, contain 6 moles of Na* ions in one litre 
| iz 1000 1000 773 
7. Molality of Na ions = 6х а ог solvent (1250—474=7768) "6 976 °°? ™ 
(iii) To find molality of S,O,?> 
`7 3M Na,S,O, contain 3 moles of 5,07 ions in one litre 


1000 
776 = 3.865 m 


, P —L— X y EX 
Molality of S,0,~ 7 3* vt of solvent = 
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Exercise 
Find molality of 40% by mass (w/w) NaOH. 


Ans. ——m 


12.1.7 Mole fraction ( x ) : Mole fraction may be defined as the ratio of number of moles of one component to 
the total number of moles ofall the components (solvent and solute) present in the solution. It is denoted 
by the letter x . It may be noted that the mole fraction is independent of the temperature. Mole fraction 
is dimensionless. If a solution contains the components A and B and suppose that W , gram of A and W, 
gram of B are present in it. 


W W, 
Number of moles ofA is given by, ПА = M and the number of moles of B is given by, Пв = Ms 


where M, and M, are molecular mass of A and B respectively. 


Total number of moles of A and B = n a А 


DA 
- X = 
Mole fraction of A, ХА 77 А +в 
- X =o ng 
Mole fraction of B, Ав fig +tip 


The sum of mole fractions ofall the components in the solution is always one. 


n n 
X A T XB = A + В = 1 
Nat+Ng Nat+Ng 
Xa +Хв= 1 
Thus, if we know the mole fraction ofone component ofa binary solution, the mole fraction of the other 
can be calculated. 
Illustration 


Find out the masses of acid and water required to prepare 1 mole of CH,COOH solution of 0.3 mole 
fraction of CH. COOH. 


Sol Хсн;соон = 0.3 
XH,0 =1-0.3=0.7 


Wt. of CH,COOH = Хси,соон х mol. wt.(CH,COOH) = 0.3 х 60= 18 р 


Wt. of water = Хн,ох mol. wt. (H,O) = 0.7 х 18 =12.6 g 
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Exercise 


Mole fraction ofa solute in benzene is 0.2. Find out the molality of the solution. 
Ans. 32molkg' 


12.1.8 Mass Fraction : Mass fractino of a component ina solution is the mass of the component divided by 
the total mass of the solution. Fora solution containing w, gm of A and w, gm of B. 


Wa Wg 


Mass fraction of A= y WS Mass fraction of = ~, NT 


Note : It may be noted that molality, mole fraction, mass fraction etc. are preferred to molarity, normality, 
formality etc. Because the former involve the weights ofthe solute and solvent where as later involve 
volumes of solutions. Temperature has no effect on weights but it has significant effect on volumes. 


12.2 MOLARITY OF IONIC COMPOUNDS 


In ionic compounds, calculate the dissociated mole ofeach ion per mole of molecule considering the 
degree of dissociation. 


Illustration 


Find the molarity of various ions in 0.1 M ВеС1, solution, considering degree of dissociation of BeCl, as 


80%. 
Sol BeCl, 8% _, Be*?+2CI- 
0.1 0 0 


0.1-0.08 0.08 0.16 
Be? =0.08M, СГ = 0.16M 


Exercise 


Calculate ‘m’ of all the ions present in the solution of Al,(SO,), for 1M solution. 
Given а шоп = 2.342 gm/ml. 
Ans. А} = 1m, 50,2 = 1.5m 
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12.3 MIXING OR DILUTION OF SOLUTIONS 


Illustration 


20 ті N/2 НСІ, 60 ті N/10 H,SO, and 150 ml №5 HNO, are mixed together. Calculate the normality 
of the [H'] in final solution. : 
501. N,V, *N,V, + NV, = NV 
1 1 1 
5 x20) + n) 4 E зо) = N (230) 
10+6+ 30 = N (230) 
46 = № (230) 
N=0.2 


Exercise 


200 ml of 1M НСІ solution is mixed with 800 ml of 2M НСІ solution. 
(a) Calculate the final molarity of the solution. 
(b) If density of final solution is 1.2 gm/ml. Calculate molality ‘m’ 

Ans (а) 1.8M, (b) 1.5m 


12.4 MIXING OF ACID & BASE SOLUTIONS 


In case of mixing of acid and base, calculate equivalent or milliequivalent of acid and base separately, 
substract the lower value from higher value, which gives the number of equivalent in the final solution. 


Illustration 


50 ml N/2 HCI, 50 ml N/5 H,SO, and 200 ml N/10 NaOH are mixed. What will be normality of 
[H^] ions? 


1 1 
Sol. meq ofacids= (0х2) T. [sox] =25+ 10=35 


1 
meq of base = 200 x 10 = 20 


15 
After mixing meq of acid = 35 -20— 15 -. Normality of H' ion, N= 300 = 0.05 Ans. 


Exercise 


Calculate [H*] in a solution if 0.2 M 100 ml H,SO, is mixed with 0.1 М 300 ml NaOH solution. 
Ans. 0.025M 


12.5 PROBLEM INVOLVING PRECIPITATION 


In problems involving precipitation, complete reaction is assumed and the limiting reagent completely 
reacts. Ions in the precipitated product is not considered in finding concentration of that ions. 


* ane tat ix d 1 1 . mars 


Illustration 


10 ml of HCI solution gave 0.1435 g of AgCI when treated with excess of AgNO, . Find the molarity of 
the acid solution (Ag= 108) 


Sol. HCl + AgNO, + АС + HNO, 
(1435.5) (excess) (108 + 35.5) 
-365g -143.5g 


143.5 gof AgCl is obtained from НСІ = 36.5 g 


: . 36.5 
0.1435 gof AgCl is obtained from НСІ = 143.6" 0.1435g = 0.0365 


0.0365 1000 _ 
365 10 


Molarity of HCI solution = 


Exercise 


If 200 ml of 0.1 NaCl in mixed with 100 ml of 0.2 M AgNO, solution. Calculate molarity of all the ions 
in the final solution. 


Ans. М№а? = 0.067 M, NO; = 0.067 M 


12.6 SOME TYPICAL CONCENTRATION TERMS 


12.6.1 Strength of H,O, solution : 

The strength of H,O, is aqeous solution is expressed in the following two ways : 

@) Percentage strength : The mass of H,O, present in 100 ml of the aqueous solution is termed as 
percentage strength. For example, a 25% solution (w/v) of H,O, means that 25 grams of H,O, are 
present in 100 ml ofthe solution. 

(i) ^ Volume strength : Strength of the sample of H,O, is generally expressed in terms of the volume of 
oxygen at 0°C and | atm that one volume of the sample of hydrogen peroxide gives on heating. The 
commercial samples are marked as '10 volume". '15 volume' or 20 volume’. 10 volume means that one 
volume ofthe sample of hydrogen peroxide gives 10 volumes of oxygen at 0°C and 1 atm. 1 ml ofa 
10 volume solution of H,O, will liberate 10 ml of oxygen at 0°C and 1 atm. 


Illustration 


Find the volume strength of 1.6 M H,O, solution. 
Sol. Strength of the solution = Molarity x mol. mass = 1.6 х 34 = 54.4 gL"! 


2H,0,—  2H,0+0, 


68 g 224L 
? 
544 = x54=19.92L 


-. Volume strength = 19.92 V* 
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Exercise 
For ‘44.8 У H,O, solution having d= 1.136 g/ml calculate 


(i) Molarity of H Pos solution. (ii) Mole fraction of HO, solution. 
Ans. (i)4M; (ii) 0.06 


12.6.2 Percentage labelling of oleum 


Oleum is fuming sulphuric acid which contains extra SO, dissolved in H,SO,. To convert this extra SO, 
into H,SO,, water has to be added (SO, + H,O > Н SO 4) - The amount of sulphuric acid Эк. 
when j just sufficient water is added into 100 g of oleum so that all SO, present in it is converted into 


H,SO, is called percentage labelling of oleum. 
Illustration 


An oleum is labelled as 109%. Calculate mass percent of free SO, and H,SO, 
Sol. П means that water added = 9 р in 100 gm oleum 

Let us calculate how much SO, can be converted into H,SO, by 9 g of water 
SO, + H,O > H,SO, 
80g 188 98g 

i.e., 9 g H,O can dissolve 40 р SO, to form 49 g H.SO, 

; Mass of SO, in 100 g oleum = 40 р 

and — % by mass of SO, = 40 % 

and %by mass of H,SO, =60 % 


Exercise 
A mixture is prepared by mixing 10 gm H,SO, and 40 gm SO, calculate, 


(a) mole fraction of H,SO, (b) % labelling of oleum 
Ans. (а) 0.169; (b) 118 % 


12.7 RELATIONSHIP BETWEEN DIFFERENT CONCENTRATION TERMS 


md 
l. N=M xn factor 2. M= 1+mM, /1000 
1000хх, 1000dx, 
5. m= xM 4 — M= yM,*xM, 


| M, 
-M 2 
Sr ( 2] 


5.6x Percentagestrength 
6. Volume strength of H,O, =5.6 х N = —5,—— mnm 


Eq.wt.of H,O,(17) 


x10 


te Volume strength of H.O, = 11.2 x M = 


Mol.wt.of H,O,(34) 


8. In oleum labelled as (100 + x) % 
80xx 
% of free SO, = ETE (w/w) 


where N = Normality 


M = Molarity m = molality 
d = density of solution M, = Molecular mass of solute 
x, — Mole fraction of solute x, = Mole fraction of solvent 


M {= Molecular mass of solvent d- Density of solution. 


11.2x Percentagestrengthx 10 
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SOLVED EXAMPLES 


Q.1 


Ans. 


Q3 


Ans. 
Sol. 


QA 


Ans. 
Sol. 


Q.5 


Ans. 
Sol. 


. 222g of CaCl, has 


Naturally occurring chlorine is 75.53% СІ? which has an atomic mass of 34.969 amu and 24.47% 
C??? which has a mass of 36.966 amu. Calculate the average atomic mass of chlorine- 


(A) 35.5 amu (B) 36.5 amu (C) 71 amu (D) 72 amu 
(A) 
. % of I isotopex its atomic mass + % of П isotope x its atomic mass 
Average atomic mass = ————————————É——————É——ÓM————— 
100 

_ 75.53x34.969 + 24.47 x 36.96 

Е 100 

= 35.5 ати. 
How many carbon atoms are present іп 0.35 mol of C,H,,0, - 
(A) 6.023 x 1023 carbon atoms (B) 1.26 x 10? carbon atoms 
(C) 1.26 x 10?* carbon atoms (D) 6.023 x 10?* carbon atoms 
(C) 
-. 1 mol of C,H,4,0, has = 6 №, atoms of C 
^. 0.35 mol of C,H,,O, has 
= 6 х 0.35 N, atoms of C 
= 2.1 №, atoms 
= 2.1 х 6.022 x 10? = 1.26 x 10?* carbon atoms 
Calculate the mass in gm of 2N, molecules of CO, - 
(A) 22 gm (B) 44 gm (C) 88 gm (D) None of these. 


(C) 
* N, molecules of CO, has molecular mass = 44 gm 
-. 2N, molecules of CO, has molecular mass = 44 x 2 = 88 gm. 


How many years it would take to spend Avogadro's number of rupees at the rate of 1 million rupees 
in one second - 


(A) 19.098 x 10!” years (B) 19.098 years 
(C) 19.098 x 10? years (D) None of these 
(C) 


10° rupees are spent in I sec. 


1x 6.022 x 10? 
—— M POP 


г. 6.022 х 10° rupees are spent in = 105 


1х 6.023 x107 
= 108x60x60x24x365 years = 19.098 x 10? year 


Calculate the number of CI- and Ca*? ions in 222 р anhydrous CaCl,. 
(A) 2N, ions of Ca? 4 N ions of СГ (B) 2N, ions of CI- & 4N ions of Ca? 
(C) IN, ions of Ca? & IN ions of СГ (D) None of these. 
(A) 
: mol. wt. of CaCl, = 111 g 
111 g CaCl, has = №, ions of Ca^? 


№, x 222 2 
А = 2N, ions of Ca? 


Q.6 


Ans. 
Sol. 


Sol. 


Ans. 


Q.10 


Ans. 
Sol. 
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Also ~ 111 g CaCl, has = 2N, ions of CI 


222 g CaCl, has = aa ions of Cl = 4N, ions of CF. 


What is the molecular mass of a substance, cach molecule of which contains 9 carbon atoms, 13 
hydrogen atoms and 2.33 x 10? g of other component? 
135.04 
The molecule has C, H and other component. 
Mass of 9 C atoms = 12 x 9 = 108 amu 
Mass of 13 H atoms = 13 * 1 = 13 amu 
233x107? 


Mass of other component = ——————; = 14.04ати 
id ы i geo 


-. Total mass of one molecule = 108 + 13 + 14.04 = 135.04 amu 
-. Mol. mass of substance = 135.04 


The density of O, at 0*C and 1 atm is 1.429g / litre. The molar volume of gas is - 
(A) 22.4 lit. (B) 11.2 lit (C) 33.6 lit (D) 5.6 lit. 
(A) 

1.429 gm of O, gas occupies volume - 1 litre. 


бр» em 
32 gm of O, gas occupies = 1429 22.4 litre/mol. 


How many molecules are in 5.23 gm of glucose (C,H,,0,) - 
(A) 1.65 x 1022 (В) 1.75 x 1022 (C) 1.75 x 10?! (D) None of these 
(B) 

180 gm glucose has = N, molecules 
5.23x6.022 x10? 


= 1.75 x 10? molecules 
180 


5.23 gm glucose has = 


How many g of S are required to produce 10 moles and 10g of H,SO, respectively? 
320 g, 3.265 g 
1 mole of H,SO, has = 32g S 
-. 10 mole of H,SO, has = 32 х 10 = 320g 5 
Also, 98g of H,SO, has = 32 g S 
10 g of H,SO, has = (32 x 10)/98 = 3.265 g S 


P and Q are two elements which form P,Q, and PQ, molecules. If 0.15 mole of P,Q, and PQ, 
weighs 15.9 g and 9.3g, respectively, what are atomic mass of P and О? 
Р = 26, О = 18 
Let at. mass of P and О be a and b respectively, 
. Mol. mass of P,Q, = 2a + 3b 
and Mol. mass of PQ, = a + 2b 
-. (2a + 3b) x 0.15 = 15.9 
and (a + 2b) x 0.15 = 9.3 
а = 26, b = 18 
atomic mass of P = 26 
atomic mass of Q = 18 


42 
Q.11 


Ans. 
Sol. 


Q.12 


Ans. 
Sol. 


Q.13 


Ans. 
Sol. 


Q.14 


Ans. 
Sol. 


Q.15 


Ans. 
Sol. 


Q.16 


Ans. 


A hydrate of iron (Ш) thiocyanate Fe(SCN),, was found to contain 19% H,O. What is the formula 
of the hydrate? 
Fe(SCN),.3H,0 
Let the hydrate be Fe(SCN),.mH,O 
Molecular mass of hydrate = 56 + 3 х (32 + 12 + 14) + 18m = 230 + 18m 

афи eng ог т = 2.99 =3 

? 230+ 18m MN 
Formula is Fe(SCN),.3H,O 


The vapour density of a mixture containing NO, and N,O, is 38.3 at 27°C. Calculate the mole 
of NO, in 100 mole mixture. 

33.48 

Mol. mass of mixture of NO, and N,O, = 38.3 х 2 = 76.6 

Let a mole of NO, be present in 100 mole mixture 

= mass of NO, + mass of N,O, = mass of mixture, 

a x 46 + (100 — a) x 92 = 100 x 76.6 

г a = 33.48 mole 


What is the weight of 3.01 x 10? molecules of ammonia - 


(A) 17 gm (B) 8.5 gm (C) 34 gm (D) None of these 
(B) 
‘: 6.022 x 10? molecules of NH, has weight = 17 gm 

17x3.01x 10" 


2. 3.01 x 10% molecules of NH, has weight = = 8.50 gm 


6.022 x10" 


How many moles of potassium chlorate to be heated to produce 5.6 litre oxygen at 0°C and 
1 atm ? 


1/6 
2KCIO, —> 2KCI * 30, 
Mole ratio for reaction 2 mole 2 mole 3 mole 
"73 x 22.4 litre О, is formed by 2 mole KCIO, 
5.6 liie O, выву 229-76 aule KCIO 
-6 litre O, is form y 3x224 ^ mole А 


How many molecules are present in 1 m/ of water vapours at 0°C and 1 atm - 

(A) 1.69 x 10!? (В) 2.69 x 107? (C) 1.69 x 10-9 (D) 2.69 x 10? 

(D) 

+ 224 litre water vapour at 0°C and | atm has = 6.022 х 10?? molecules 

6.022 x 107 
224 


1 x 10? litre water vapours has = x1032 = 2.69 х 190” 


Calculate the weight of lime (CaO) obtained by heating 200 kg of 95% pure lime stone (CaCO,). 
(A) 104.4 kg (B) 105.4 kg 

(C) 212.8 kg (D) 106.4 kg 

(D) 


Sol. 


Q.17 


Q.19 


Ans. 


Sol. 
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100 kg impure sample has pure CaCO, = 95 kg 
95x 200 


200 kg impure sample has pure CaCO, = 300 ^ 190 kg. 
100 kg CaCO, gives CaO = 56 kg. 

i 56 x 190 
190 kg CaCO, gives CaO = 100 n 106.4 kg. 


Zinc and hydrochloric acid react according to the reaction : 
Zn(s) + 2HCI (aq.) —9 ZnCl,(aq.) + H,(g) 
If 0.30 mole of Zn are added to hydrochloric acid containing 0.52 mole HCI, how many moles 
of H, are produced? 
0.26 
Zn(s) + 2HCl(aq.) —9 ZnCl,(aq.) + H,(g) 
Initialmoles 0.30 0.52 0 0 
Finalmoles 0.04 0 026 0.26 
Moles of H, produced = 0.26 


4 g of an impure sample of CaCO, on treatment with excess HCl produces 0.88 р CO,. What 
is percent purity of CaCO, sample? 
50% 
CaCO, + 2НСІ —> CaCl, + H,O + CO, 

44g CO, = 100 g CaCO, 
100x 0.88 


0.88 в CO, = — 33 


= 2.0 р CaCO, 
z 2 
-. Percentage purity = 4 x 100 = 50% 


A mixture of FeO and Fe,O, when heated in air to constant weight gains 5% in its weight. Find 
out composition of mixture. 

FeO = 20.28%, 

Fe,0, = 79.72% 

Let weight of FeO and Fe,O, be a and b g, respectively. 


І 
2FeO + 20, — Fe,0, 


1 


144 g FeO gives 160 g Fe;O, 
а g FeO gives 160 х a/144 р Fe,O, 


y $ 160x3b 
Similarly, weight of Fe;O, formed by Fe,O, = 464 
Now if a +b = 100 ; then ^5 4 160»... 195 

ow па = ‚ then 144 464 


Solving these two equations : a = 21.06 and b = 78.94 
Percentage of FeO = 20.28% and percentage of Fe,O, = 79.72% 
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Q.20 


Sol. 


Q.21 


Ans. 
Sol. 


Q.22 


Ans. 
Sol. 


Q.23 


Ans. 
Sol. 


The reaction, 2С + О, —— 2CO is carried out by taking 24 g of carbon and 96g O,, find out: 
(A) Which reactant is left in excess? 

(B) How much of it is left 

(C) How many mole of CO are formed? 

(D) How many g of carbon should be taken so that nothing is left at the end of the reaction? 
2c + Q,— 2CO 

24 = 2 96 =3° @ 

12 32 

Moleafterreaction 0 2 2 

(A) ~. О, is left in excess. 

(B) 2 mole of О, or 64 g О, is lef. 

(C) 2 mole of CO or 56 g CO is formed. 

(D) To use O, completely total 6 mole of carbon or 72 g carbon is needed. 


Mole before reaction 


8g of sulphur are burnt to from SO,, which is oxidised by Cl, water. The solution is treated with 
BaCl, solution. The amount of BaSO, precipitated is : 

(A) 1.0 mole (B) 0.5 mole (C) 0.75 mole (D) 0.25 mole 

(D) 


S—=> S0, —+>so? —= paso, 


8 1 
Mole of BaSO, formed = moles of sulphur = т ^1 


8 litre of H, and 6 litre of Cl, are allowed to react to maximum possible extent. Find out the final 
volume of reaction mixture. Suppose P and T remains constant throughout the course of reaction- 


(A) 7 litre (B) 14 litre (C) 2 litre (D) None of these. 
(B) 
H, + Cl, 22 НСІ 
Volume before reaction Slit 6lit 0 
Volume after reaction 2 0 12 
-. Volume after reaction = Volume of H, left + Volume of HCI formed 
= 2 + 12 = 14 lit 


When measured at the same temperature and pressure, hydrogen reacts with oxygen to form water in 
the volume ratio 2 : 1. Calculate the volume of O, gas measured at 137°C and 760 mm pressure that 
will combine with 100 ml of H, at 0°C and 200 mm pressure. 
19.76 ml 
Reaction : 2H, + о, -> 2H,O 
2Vol 1Vol 
2 volume of H, required O, = 1 Vol 


100 
100 mL of H, required O, = E = 50 ml at 0*C and 200 mm 


<. P, 7200 mm, V, 750 mL, T, = 0 +273 = 273 К,Р, = 760 mm, V, =?, Т, = 137 + 273 =410 К 


BM _ RV . 
But, Om = * (gas equation) 


Q24 


Ans. 
Sol. 


Q.25 


Ans. 
Sol. 
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РУТ, 
Непсе, У, = EX 
v.- 200mm xSOmL x 410K E NETT 
` 760mmx273K 


A gascous mixture containing 49.5 ml of hydrogen chloride and H, gases was kept in contact with 
Na/Hg. The volume of mixture decreased to 42 ml. If 99.5 ml of the same mixture is mixed 49.5 ml of 
gascous ammonia and then exposed to water, calculate the final volume. All measurements of volume 
being done under same conditions of temperature and pressure. 
60.5 ml 
Volume of H, gas + НСІ (g) = 49.5 mL. When kept in contact with Na/Hg only HCI will react with Na 
as follows: 

2Na + HCl ——2NaCl-* Н, 

2Vol 1 Vol 


Reduction in volume = 2 Vol — 1 Vol = 1 Vol for 2 Vol of HCI 
Actual reduction in volume = 49.5 — 42 = 7.5 ml 
Volume of HCI present in 49.5 ml mixture = 7.5 x 2 = 15 ml 

Volume of H, = 49.5 – 15 = 34.5 ml 


99,5 
99.5 mL of mixture would contain HCl(g) = 15 x 


49.5 
and Н, = 99.5 – 30 = 69.5 ml 
When mixed with NH,, the reaction will be : 
NH,(g)+ HCl(g) —» NH,Cl(s) 
1] Vol 1 Vol 
30 ml 30 ml 
Residual NH, = 49.5 – 30 = 19.5 ml 
It will also dissolve in H,O. So, only gas left behind is Н, gas. Hence : 
Residual Н, = 99.5 - 30 = 69.5 mL or final volume = 69.5 ml 


=30ml 


A mixture of ethyne (C,H,) and Н, was mixed with 65 ml of О, and exploded in a eudiometer tube. On 
cooling, it was found to have undergone a contraction of 35 ml. When treated with a KOH solution, a 
further contraction of 34 ml took place and 15 ml of О, alone was left behind. Find the percentage 
composition of ethyne and Н, in the mixture. 

C,H, = 53.2 %, H, = 46.8% 

Let mixture contains H,=x ml and C,H, — y ml 


Reaction (1) 2H, + о, ——3À 2H,0 

2 Vol 1 Vol 2 Vol 

x 
or xml zm 
(ii) 2C,H, + 50,—» 4CO, + 2H,O 
2 Vol 5 Vol 4Vol 2 Vol 
5 

or yml = ml 2yml 


2 
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Q.26 


From question 
2y=34>y=17 

0 m 

UT. € 
x=15 


x72x7.5-]15.0ml 
Thus, volume of H, = 15.0 mL; volume of C,H, = 17 ml 


А Vol. of H, 
% age of Hy = Vol of H, + Vol. of C,H, * 100 


Ц 
= теу х 100-468 
% age of C,H, = 100 46.88 = 53.2 


0.9 g ofa solid organic compound (molecular weight 90) containing carbon, hydrocarbon and oxygen, 
was heated with oxygen corresponding to a volume of 224 ml at S.T.P. After combustion, the total 
volume ofthe gases was 560 ml at S. T.P. On treatment with potassium hydroxide, the volume decreased 
to 112 ml. Determine the molecular formula of the compound. 
C,H,0, 
Let the formula of organic compound containing С, Н and oxygen = C, H, 0, 
On combustion, CO, and H,O (zero volume at 0°C) are formed 
So, the residual gas wal contain CO, and unused O,, 
Since CO, gas is absorbed by KOH, the volume of CO, formed = 560— 12 = 448 ml 

Volume of О, used = 224 - 112 = 112 ml 


1 
Mole of CO, = 22400 — х 448 


0.9 
No. of mole of compound = “a 0.01 mol 


0.01 mole compound produced = 0.02 mole of CO, 


1 
1 mole compound produced CO, = 0.2 x osi" 2mol CO, 


2 mol CO, 22 mol C atoms 
Formula of compound = C;H,O, 
Mol. wt. of C;H,O, = (2 *12)+1xy¥+16xz=24+y+16z 


Reaction C,H,O, + 70, -> 2CO, + > H,O 


2 
Atoms of oxygen involved in the above reaction аге: 
—— и. p PÁÓ : 
2+1=4+ 252 4*5 1 seS 
2-342 


But mol. wt. 24 - y - 162 = 90 


Q.27 


Ans. 
Sol. 


Q.28 


Ans. 
Sol. 
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Hence 24 * y * 16 (3+2] =90 
y=2 
Substituting the value of y=2 
z=3+ À =4 
2 


7. Molecular formula of compound = C,H O, = C,H,0, Ans. 


At high temperatures, the compound 5 „№, decomposes completely into N, and sulphur vapours. If all 
measurements are made under the same conditions of temperature and pressure, it is found that for each 
volume of S,N, decomposed 2.5 volumes of gaseous products are formed. What is the molecular 
formula of sulphur? 


5, 

Reaction N,S, . High:eme , 2N, +sulphur vapours 
1 Vol 2.5 Vol (2 * 0.5) 
1 molecule 2.5 molecules 


2.5 molecules of N, + sulphur vapours = 4 atoms of nitrogen + 0.5 molecule of sulphur vapour. Hence 
the formula S,N, indicates that : 
0.5 molecule of sulphur contains S-atoms =4 


4 
1 molecule of sulphur contains S-atoms = — 8 


Formula of sulphur=S, 


10 ml ofa gaseous organic compound containing C, H and O only was mixed with 100 ml ofoxygen and 
exploded under conditions which allowed the water formed to condense. The volume of the gas after 
explosion was 90 ml. On treatment with potash solution, a further contraction in volume of 20 ml was 
observed. Given that the vapour density of the compound is 23, deduce the molecular formula. All 
volume measurements were carried out under the same conditions. 

C,H,O 

Let formula of organic compound = C.H,O, 


: ^ ME. У 
Reaction C,H,O, + [x 4 z) 0.——+ xCO, + 2 H,O 
у z 10ху 
10} x - ——— = 
10 ml Ё 4 z) 10 x ml 5 Sy ml 


(a) Since potash solution (KOH) absorbs CO,, so volume of CO, gas = 20 ml. 
10х = 20; х= 2 
(b) Contraction in volume after explosion and cooling as obtained from reaction 


z 
10+10 (x«2-2) - 10x = 10+ 100 —90 = 20 ml (given) 


7 
10+10 (242-2) - (10 x 2) = 20 
Sy-102220 0 n (1) 
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But mol. wt. of C, H,O, orC, H,O, =(2x I2)-(yx 1) * (16 x 2) 
“=24+ y 16z=2 x 23 (given) 
or y*lóz-46-24-22  ... (2) 


From (1) and (2) z=1 
у=6 
Since x = 2, y = 6 and z= 1, the molecular formula of C,H O, = C,H,O 


Q.29 A mixture of formic acid and oxalic acid is heated with concentrated H,SO,. The gas produced is 
collected and on its treatment with KOH solution the volume of the gas decreased by one-sixth. Calculate 
the molar ratio of the two acids in the original mixture. 

Ans. 4:1 

Sol. Let moles of HCOOH and H,C,O, are a and b respectively 
The decomposition of the acid takes place as follows 

HCOOH ә HO + co 
amoles amoles amoles 


H,C,O, = H,O + CO + co, 
b moles bmoles b moles b moles 


H,O is absorbed by H,SO, and CO, is absorbed by KOH. 


volume of CO, b 1 
Thus as given, total volume of (CO + соу)" a+b+b = 6 


=4 


cis 


or 


Molar ratio of HCOOH and H,C,0-4:1 


Q.30 9 volumes ofa gaseous organic compound A and just sufficient amount of oxygen required for its complete 
combustion, yielded, 4 volume of CO,, 6 volumes of water vapour and 2 volumes of N,, all volumes 
measured at the same temperature and pressure. If the compound A contained only C, Н and №, (i) how 
many volumes of oxygen are required for complete combustion, and (ii) what is the molecular formula of 
the compound A ? 

Ans. (i)7volume  (ii)C,H,N, 

Sol. Suppose the Sy Ais C. H N 


0 CHN, + O0, > CO, +  Hü(wpow)-* М, 
or (9 — v) moles v moles 4 moles 6 moles 2 moles 
Applying POAC for O atoms, 


2 x moles of O, = 2 x moles of CO, + | x moles of H,O 
2v =2х4+1 х6 = 14; у = 7 volumes 


(ii) The reaction is 


Сн + о, — CO, + H,O (vapour) + N, 
2v vols. 7 vols. 4 vols. 6 vols. 2 vols. 
or 2 moles 6 moles 4 moles 6 moles 2 moles 


Applying POAC for C, H and N, we get respectively 
x x moles of C H,N, = 1 х moles of CO, 


Q.31 


Ans. 
Sol. 


Q.32 
Ans. 


Sol. 
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xx2=1x4;x=2 
ух moles of C ,H,N, 72x moles of H,O (vapour) 
yx2=2x6;y=6 
z х moles of CH, N, = 2 x moles of N, 
2x222x2;2-2 
Hence the compound is C,H,N, 


15 ml of gascous hydrocarbon required for complete combustion 357 ml ofair(21% of O, by volume) 
and the gaseous products occupted 327 ml (all volumes being measured at S.T.P.). What is the formula 
of hydrocarbon ? 


C.H, 
Let C,H, be the hydrocarbon 
CH «Ix*Z|lo,., хсо, + X no 
ху 4 2 2 4-4 
y 
1 Vol. [x +X) Vol. x Vol. 


From equation, the contraction 
= 1 +(х + у/4) – (х+0) = 1 +у/4 
for 15 ml gas, contraction = 
15 (1 + y/4) = (15 + 357) - (327) = 45 
y=8 
The gaseous products after contraction = 327 
This includes vol. of CO, plus volume of N, in the air (O, is completely used up). So calculate the 
volume of N, in the air. 


Vol. of O, = 0.21 x 357=75 ml 
Vol. of N, = 357 - 75 = 282 ml 
Now, Vol. of N, + Vol. of CO, = 327 ml 
Vol. of CO, = 327 — 282 = 45 ml 
The volume of CO, produced = 15x 
1Sx=45 
x=3 
Hence the hydrocarbon is C,H, 


Calculate the molarity and molality of a solution of H,SO, (sp. gr. = 1.98) containing 27% H,SO, by 
mass. 


3.3 M, 3.77 M 
Vol of 100 e of 27% H,SO ME ИП 1 
SOMES Б ТАЕ на 
Moc, матом. 27x1.198x1000 _ : 
H3505 "7 wol of solution (litre) ~ 98x100 "A mk 
wt./ moLwt. 27 x1000 


"адо, = wt. of solvent(kg) ^ (100 –27)х98 = 3.77 mol Kg" 
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Q.33 How many milliliter of concentrated sulphuric acid of density 1.84 g mf containing 98% H,SO, by 
mass are required to make (a) 4 litre of 1 N solution and (b) 200 mL of 0.25 M solution. 
Ans. (а) 108.7 (b) 2.72 ml 


98 
Sol (а) Gram ед. wt. of H,SO, = = ГА 


To find wt. of H,SO, (W) required to prepare 4 Lof IN Н,50,, we have: 


" wt. of H,SO, " wt. of H,SO, 
I= 5 eq. wt. of H,SO,x4() ^ — 49x4() 
Or wt. of H,SO, = 196 g. 
үз . . 196x100 
Since acid is 98% thus amount of solution = ^98 =200 g. 


200 
Thus, volume (mass/density) of 9876 H,SO, solution = 1847 108.7 ml 


wtof H,SO, x1000 


(b) 0.25 7 y mol. wt. of H5SO, x vol. of solution in ml 
0.25x 98x 200 
<. wt. of H,SO, = — 100 49g 
49x100 


^. wt. of 98% H,SO, solution = 


Q.34 Derive the relation between molality (m) and mole fraction of solute, x, 
Sol  Molality, m means, m mole of solute in 1000 g of solvent which is equal to 1000/M, mol 
where M, = molar mass of the solvent. 
moles of solute m mM, 


Mole fraction, X» = Moles of solute+ Moles of solvent ^ „1000 " mM, +1000 
m —— 


1000 x у, 
Hence m= TA 


Q.35 The molality and molarity of a solution of H,SO, are 94.13 and 11.12 respectively. Calculate the density 
of the solution. 
Ans. 1.2079 g/ml 


EE | 1 " 23 
SoL d=M == 1000 =11.12 94.13 1000 = 1.2079 g/ml 
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Q.36 Calculate the (a) molarity (b) normality of the phosphoric acid solution (sp. gravity 1.426 and containing 
60% by weight of pure H, PO,. Atomic mass of P= 31) 
Ans. (а) 8.73 М (b) 26.19 N 
Sol. Weight of H,PO, in 100 g solution = 60 g; Weight of water = 100 – 60 = 40 g 
(a) Calculation of molarity 
Molecular mass of H,PO, = 98 g mol" 
Molarity = Pn. eee =8.73M 
98 100 i 
(b Normality = Molarity х Basicity = 8.73 x 3 = 26.19 N 


M 
Q.37 Upon heatinga litre of > НСІ solution, 2.675 g hydrogen chloride is lost due to evaporation and the 


volume ofthe solution shrinks to 750 ml. Calculate 

(1) the molarity ofthe resulting solution and 

(ii) the number of milli moles of HCl in 100 ml of the final solution. 
Ans. (1)0.569Мм  (ii)56.9 
Sol. Mol. wt. of HCI = 36.5 


M 1 
Mass of HCl in ILof > НСІ = 5 х 36.5 = 18.25 2 


Weight of HCl lost on heating = 2.675 g 
Weight of HCI left in solution = 18.25 — 2.675 = 15.575 g 


г 15.575 
Number of moles in 15.575 g НСІ = есж" 0.4267 


75 
Volume of the solution left after heating = 750 ml = 1000 ^ 0.75L 


No.of 1 
уы moar A 0.4267 _ 0.569M 
Volume in litres 0.75 


Molarity of solution = 


Now number of milli moles =(volume in ml) x (Molarity) 
= 100 x 0.569 = 56.9 


N 
Q.38 Calculate the normality ofa solution obtained by mixing 0.01 L of —— NaOH and 40 ml of seminormal 


10 
KOH solution. 
Ans. 0.42N 


1000mL 
1 


Sol. Total volume (У) of mixed solution = [оо ILx | +40 ml=50m/ 


Now N,V, +N,V, = NV 


1l x10 1x49- Nx50 
10 2 
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Q.39 


Ans. 
Sol. 


30 ml Na,CO, solution is mixed in 20 ml 0.8 N H.SO,. The resulting solution required 20 ml 0.7 N HCI 
for neutralization. Calculate the strength of Na,C O, solution i in g/L, Take Na,CO, as anhydrous. 

53 g/L 

meq of acids = (20 x 0.8) + (20 x 0.7)= 16 + 14=30 

meq of Na,CO, = 30 


30 
Normality of Na,CO, = 30 ^ IN 


106 
Strength = № х eq. wt = (ье) = 53 g/L 


1 g sample of H,O, solution containing x % of H,O, by weight requires x ml KMnO, solution for 
complete oxidation under acidic conditions. Calculate the normality of KMnO, solution. 
0.588 N 


L&ofsoluti TL 
в ofsolution contains Tog 


17 g(eq. wt.) of H,O, is present in 1000 ml IN solution 


i . 1000x0.01x . 
7. 0.01 x g (eq. wt.) of H,O, is present in ^ am ml IN solution 


70.01 x g H,O, 


1000x 0.01x 


o5 17 


xN=x х NkmaQ 


м 1000х0.01хх N 
км, © ^  i17xx — = 0,588 N 


CHEMICAL BONDING 
INTRODUCTION 


(ї) Most of the elements exist as molecules which are cluster of atoms. How do atoms combine to 
form molecules and why do atoms form bonds. Such doubts will be discussed in this chapter. 


(ii) A molecule will only be formed if it is more stable and has a lower energy, than the individual 
atoms. 


CHEMICAL BOND 


(i) A force that acts between two or more atoms to hold them together as a stable molecule. 
(п) It is union of two or more atoms involving redistribution of clectron among them. 

(i) ^ This process accompanied by decrease in energy. 

(ivy) Decrease in energy œ Strength of the bond. 

(v) Therefore molecules are more stable than atoms. 


Cause of Chemical Combination 
1. Tendency to acquire minimum energy : 


r (distance) 


rep 


Faa >F 

FE = E 

{i) When two atoms approaches to each other. Nucleus of one atom attracts the electron of another 
atom. 


(ii) According to quantum theory when two atoms of element approach each other then there will be 
force of attraction as well as force of repulsion between the bonded atoms. At the minimum 
distance where these forces becomes equal is called bond formation condition (equilibrium state) 
and atom of the clements get stabilized by bond formation phenomena by lowering thcir energy. 


(ш) ^ If net result is attraction, the total energy of the system (molecule) decreases and a chemical 
bond forms. 


(iv) $0, Attraction с l/energy « Stability. 
(v) Bond formation is an exothermic process 


2. Tendency to acquire noble gas configuration : 


(1) Atom combines to acquire noble gas configuration. 
(ii) Only outermost electron i.e. ns, np and (n-1)d electrons participate in bond formation. 


(ui) Inert gas elements do not participate, as they have stable electronic configuration and hence 
в.е А А . 4 r - 
minimum energy. (Stable electronic configuration : 15° ог ns?np^) 


CHEMICAL BONDS 
i 
STRONG BOND WEAK BOND 
(Inter atomic) (Inter Molecular) 
lonic Covalent Co-ordinate Metalic Hydrogen Vander waal's 
bond bond bond bond bond bond 


Lewis Octet Rule 
(i) Every atom has a tendency to complete its octet. 
(i) Hydrogen has the tendency to complete its duplet. 
(ii) To acquire inert gas configuration atoms loose or gain electron or share electron. 


(iv) The tendency of atoms to achieve eight electrons in their outer most shell is known as Lewis octet 
rule. 
e.g., H,O molecule e.g, BeCl, Molecule 


CED GOD 
Obeys octet rule Doesn't obeys octet rule 


Exception of Octet Rule : 


(a) Incomplete octet molecules : or (electron deficient molecules) or Hypovalent molecules 
Compound in which octet is not complete in outer most orbit of central atom. 
Examples - Halides of ША groups, BF,, АІСІ,, ВСІ,, hydride of III A/ 13% group etc. 


© dá > вс!, 
Boron has only 6 electrons 


TE 
Other examples - BeCl, (4 electron), ZnCl;(4 electron), Ga(CH,), (6 electron) 
(b) Expansion of octct or (electron efficient molecules) or Hypervalent molecules 
Compound in which central atom has more than 8 electron in outermost orbits. 


Example - РСІ,, SF,, IF}, the central atom P, S and I contain 10, 12, 
and 14 electrons respectively. 


ES 
a d 


(c) Pseudo inert gas configuration : - 
Cations of transition metals, which contains 18 electrons in outermost orbit 
Examples : Gat, Cut, Agt, Zn'?, Cd*?, Sn^*, Pb*? etc. 
Electronic configuration of Ga - 152, 2s?2p^, 3s?3p63d!9, 4524р! 
Electronic configuration of Ga^? - 152, 252 2p5, 3s?3p'3d? 
_——— | 
18 electron 


(d) Odd electron molecules : - 


Central atom have an unpaired electron or odd number (7 electron, 11 electron, etc) of electrons 
in their outer most shell. 


Examples : NO, NO, CIO,, CIO, etc. ке 
e.g, NO molecule 


7 electron 8 electron 


CO-ORDINATE BOND (DATIVE BOND) 


(1) It is a covalent bond in which the shared electron pair соте from one atom is called coordinate 
bond. 


(ii) Necessary conditions for the formation of co-ordinate bond are- 
(a) Octet of donor atom should be complete and should have atleast one lone pair of electron. 
(b) Acceptor atom should have a deficiency of at least one pair of electron. 


eg. е; Y: or X —— Y 
(ii) _ Atom which provide electron pair for sharing is called donor. 


(v) | Other atom which accepts electron pair is called acceptor. That is why it is called donor-acceptor 
or dative bond 


NI 
н—\: + B—F— H,N—> BF, 
Е F 


BF, is electron deficient compound. 


Example: NH,' 


(Bronsted - Lowry acid) 
(electron acceptor) 


H - ry н. | 
H,0* Pus H — ze —H 
H H 
: == e б: F У € А 


IMPORTANT LEWIS ELECTRON DOT/CROSS STRUCTURES 


Sodium Sulphide (Na,S) 2(3№а?)$- - 


Calcium Hydride (CaH,) Ca**2(H>) 


Hydrogen Peroxide (Н,О,) 
Phosphine (PH;) 

Carbon mono-oxide(CO) 
Carbon di-oxide (CO;) 
Hydrogen Cyanide (HCN) 
Potassium Isocyanide (KNC) 
Sodium Hydroxide (NaOH) 
Nitrous oxide (N5O) 


Nitric oxide (NO or N50;) 


Dinitrogen tri oxide (N5O;) 


Dinitrogen tetraoxide (N,O,) 


Nitrogen Penta oxide (N,O.) 


Nitrous acid (HNO,) 


Nitric acid (HNO,) 


Nitrate lon (NO, ) 


Ammonium Chloride (NH,CI) 


Carbonate lon (СО; ) 


Sulphur di-oxide (SO,) 


Sulphur Tri-oxide (SO,) 


Sulphite Ion(SO,~~) 


Sulphate lon (SO, ^) 


Thio-sulphate Ion (5,077) 


Phosphoric Acid (H,PO,) 


Potassium Permagnate (KMnO,) 


Illustration 


1. Which of the following species аге hypervalent? 

1:010, 2. BF, 3. SO,*,4. CO, 

(A) 1,2,3 (B)1.3 (C) 3,4 (D)1.2 
Ans. (B) 
Sol Hypervalent : Central atom ofthe compound having more than 8 e . 


Exericse 
i. The octet rule is not obeyed in : 
(A) CO, (B) BCI, (C) PCI; (D) SiF, 


Ans. (B)(C) 


2. To which of the following species octet rule is not applicable : 
(A) BrF, (B) SF, (C) IF, (D) CO 
Ans. (A), (B), (C) 


COVALENT BOND 


(i) A covalent bond is formed by the mutual sharing of electrons between two atoms to complete their 
octet. (Except H which completes its duplet). 


OCDEMJD or 


H-H o=0 N=N 
H, molecule O, molecule N, molecule 


(0) The shared pair of electrons should have opposite spins, and are localised between two atoms 
concerned. 


(ш) Shairing of electrons may occurs in three ways — 


No. of electrons shared Electron pair 
— two atoms 


Single bond (—) 
4 - Double bond (=) 
6 3 Triple bond (=) 


Examples — H—N-H Three single bonds (not triple bond) 
н 

, Triple bond. (not three single bond) 

). Double bond (Not two single bond) 


N 
5- es 


H - О-Н, (Two single bonds.) 


Orbital concept of covalent bond : 

(i) One orbital can accomodate at the most 2 electrons with opposite spins 

(ii) Half filled orbital or unpaired electron orbital accepts one electron from another atom, to complete 
its orbitals. 


(ш) ^ Tendency to complete orbital or to pair the electron is an essential condition of covalent bond. 
Completion of octet is not the essential condition of covalent bond. 


(iv ^ Covalency : It is defined as the number of electrons contributed by an atom of the element for 
shairing with other atoms to achieve noble gas configuration. 


(v) If the outermost orbit has empty orbitals then covalent bonds are formed in exicted state. 


Variable valency in covalent bonds : 
(ї) Variable valencies are shown by those elements which have empty orbitals in outermost shell. 


(ii) Lone pair electrons gets excited in the subshell of the same shell to form the maximum number of 
unpaired electrons. Maximum covalency is shown in excited state. 


(ii) ^ The energy required for excitation of electrons is called promotion energy. 
(iv) Promotion rule — Excitation of electrons in the same orbit. 


Example : 
(a) Phosphorus — Ground state 


Covalency 3 (РС1,) 
3s 3p 


Phosphorus — Excited state 


ER | | E Covalency — 5 (PCI) 
3s 3p 3d 


(b) Sulphur > Ground state. 
Lit tt Covalency — 2 (SF) 


Sulphur > Excited state 


I* excited state ma [| [| | Covalency — 4 (SF,) 
3s 3p 3d 

2" excited state 1|1| | | | Covalency - 6 (SF,) 
3s 3p 3d 


So variable covalency of S is 2, 4 & 6, 
(c) lodine has three lone pair of electrons 


(Ground state) LTT TTI 
5s 5р Sd 


So it shows three excited states - Maximum number of unpaired electrons = 7 
Variable Valencies are 1, 3, 5, 7 


Applications of Variable Valency : 
To explain existence of molecules : 
NCI, — exists 
NCI, — doesn't exists (due to absence of d-orbitals in Nitrogen.) While РСІ, and PCI, both exist 
because 3d orbitals are present in phosphorus. 
OF, — exists, but OF, and OF, doesn't exists due to absence of d-orbitals, while SF, and SF, 
exists due to presence of d-orbital, present in its valence shell. 


Note : Compound in which Ionic, covalent and co-ordinate bonds are present are following 
NH,Cl, CuSO, K,[Fe(CN)]. KNC, Na,PO, KNO,, etc. 


Wave mechanical concept of chemical bonding — (Overlapping) 

To explain the nature of covalent bond two theories based on quantum mechanics have been 
proposed. 

(1) Valence bond theory (VBT) (2) Molecular orbital theory (MOT) 


VALENCE BOND THEORY 


() It was presented by Heitler & London to explain how a covalent bond is formed. 
It was extended by Pauling & Slater. 
(ii) The main points of theory are — 


(a) To form a covalent bond overlapping occurs between half filled valence shell orbitals of the two 
atoms. 


(b) Resulting bond acquires a pair of electrons with opposite spins to get stability. 

(c) Orbitals come closer to each other from the direction in which there is maximum overlapping 
(d) So covalent bond has directional character. 

(e) Extent of overlapping x strength of chemical bond. 


ACC- CH-CHEMICAL BONDING 9 
(f) Extent of overlapping depends on two factors. 

(i) Nature of orbitals — p, d and f are directional orbitals + more overlapping 
s-orbitals non directional — less overlapping 

(ii) Nature of overlapping — Co-axial overlapping - extent of overlapping more. 

Collateral overlapping - extent of overlapping less 
Order of strength of Co - axial overlapping — 

p-p*te-p^s-s 


CT C$) (C$ 


(g) As the value of n increases, bond strength decreases. 
1-1>1-2>2-2>2-3> 3-3 
(h) If n is same bond strength order will be following 
2p - 2p > 2s - 2p > 2s - 2s 
15 - 2p > 2s - 2p > 3s - 3p 


(i) Electron which is already paired in valency shell can enter into bond formation, it they can be 
unpaired first and shifted to vacant orbitals of slightly higher energy of the same energy shell. 


(j) This point can explain the trivalency of boron, tetravalency of carbon, penta-valency of 
phosphorus etc. 


(К) Two types of bonds are formed on account of overlapping. 
(A) Sigma (c) bond (B) Pi (x) bond 


(A) Sigma (c) bond : 
(i) Bond formed between two atoms by the overlapping of half filled orbitals along their axis (end to 
end overlap) is called sigma bond. 
(ii) c bond do not take part in resonance. 
(iii) ^ Free rotation is possible about a single c bond. 
(iv) | Maximum overlapping is possible between electron clouds and hence it is strong bond. 
(v) There can be only с bond between two atoms. 
Sigma bond arc formed by four types of overlapping 
(a) s - s overlapping (H,) - Two half filled s-orbitals overlap along the internuclear axis. 


c bond 
[2* C —IX 
15” “is is 15 
{1s orbital of hydrogen) (1s orbital of hydrogen) (Formation of Н, molecule) 


(b) s - p overlapping (Formation of HF) — When half fill s-orbital of one atom overlap with half filled 
p-orbital of other atom. 


С) «+ test —à Cees 


1s orbital of Hydrogen 2p orbital of Fluorine H-F 


(c) p-p overlapping — (Coaxial) — It involves the coaxial overlapping between half filled p-orbitals of 
two different atoms. 
eg. Formation of CL, F,, Br, 


poc +) нобе m y аа (o co e c 7С) 
p orbital p orbital p-p overlapping 


(B) Pi (x) bond 

(i) The bond formed by sidewise (lateral) overlapping are known as x bonds. 

(ii) Lateral overlapping is only partial, so bonds formed are weaker and hence more reactive than с 
bonds (Repulsion between nucleus is more as orbitals have to come much close to each other for z 
bond formation) 

Example — Formation of O, molecule — 


Atomic orbital Atomic orbital 
of oxygen of oxygen 
Only P, and p, of oxygen atom have unpaired electron in each orbital for bonding. 
Electronic configuration of oxygen is — 1522522р,? 2p, 2p, 
(ш) Free rotation about a л bond is not possible. 
(iv) х bond is weaker than c bond (Bond energy difference 15 63.5 KJ or 15 К cal/mole) 
(v) x bond takes part in resonance. 
(vi) x bond formed by pure or unhybrid orbitals. 


Illustration 


І. When 25 - 25, 2p - 2p and 2р - 2s orbitals overlap, the bond strength decreases іп the order : 
(A) p- p»s-s»p-s (B)p-p»p-s»s-s(C)s-s»p-p»p-s(D)s-s»p-s»p-p 

Ans. (B) 

Sol Bond strength ос directional property of orbitals. 


Exercise 


Which of the following has been arranged in order of decreasing bond length ? 


(A) Р-0>С1-0>5-0 (B) P-O>S-O>CI-O 
(C) s-O>CI-O>P-O (D) ci-0» $-0»P-O 
Ans. (B) 
A А x-bond may between two p, orbitals containing one unpaired electron cach when they approach 
each other appropriately along : 
(A) x - axis (B) y - axis (С) 2 - axis (DB&C 


Ans. (D) 
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HYBRIDISATION 


Consider an example of Be compound :- 
If it is formed without hybridisation then - 
с?=*ве?=Рс 
both the Be-Cl bonds should have different parameters and p-p bond strength is greater than 
s-p bond strength. 
Practically bond strength and distance of both the Be-Cl bonds are same. 
This problem may overcome if hybridisation of s and p-orbital occurs. 


Hybridisation : 


(0) 
(ii) 


It is introduced by pauling, to explain equivalent nature of covalent bonds in a molecule. 
Definition : Mixing of different shapes and approximate equal energy atomic orbitals, and 
redistribution of energy to form new orbitals, of same shape & same energy. These new orbitals 
are called hybrid orbitals and the phenomenon is called hybridisation. 

Now after considering s-p hybridisation in ВеСі, 


ci ge Poi 


bond strength of both the bonds will be equal. 


Characteristic of Hybridisation : 


(i) 


(ii) 


(iti) 


(iv) 


(у) 


(vi) 


Hybridisation is a mixing of orbitals and not electrons. Therefore in hybridisation full filled, half filled 
and empty orbitals may take part. 

Number of the hybrid orbitals formed is always be equivalent to number of atomic orbital which 
have taken part in the process of hybridisation. 


Structure of 
hybrid orbital 


H 
Each hybrid orbital having two lobes, one is larger and other is smaller. Bond will be formed from 
large lobe. 
The number of hybrid orbitals on central atom of a molecule or ion = number of c bonds + 
lone pair of electron. 
(a) The 1% bond between two atoms will be sigma. 
(b) The other bond between same two atoms will be x bond. 
(c) The electron pair of an atom which do not take part in bond formation called as lone pair of 
electron. 
One element can represent many hybridisation state depending on experimental conditions for 
example, Carbon showing sp, sp? and sp? hybridisation in its compounds. 
Hybrid orbitals are differentiated as sp, sp?, sp? etc. 
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(уп) The order of repulsion between £p & bp is : £p - fp > £p - bp» bp- bp 
(viii) The directional properties in hybrid orbital is more than atomic orbitals. Therefore hybrid orbitals 


form stronger sigma bond. The directional property of different hybrid orbitals will be in following 
order. 


sp < sp? «sp? < spd < sp?d? < ѕр?а? 


Difference between hybridisation & overlapping 


. It occurs between orbitals of two atoms . It occurs among orbitals of the same atom 

. Only half filled orbitals takes part in . Any type of orbital can participates 
overlapping 

. It occurs during bond formation bond . Process, just before overlapping. 


formed after hybridisation 
. Orbital of different energies may participates . It may takes place in ground or in excited 
in excited states. state 
In ground state— NH,, МС, PH,, PCl, 


Determination of hybridisation state : 
Method (1): 
Count the following pair of electron around the central atom : 
(a) Count all pure o bonded electron pairs (or c bonds) 
(b) Count all lone pair of electron 
(c) Count Co-ordinate bond 


Method (11): 
To predict hybridisation following formula may be used : 


Number of hybrid orbital — 3 [Total number of valence electron in the central atom + total number 


of monovalent atoms — charge on cation + charge on anion] 


eg — NH о: H-j[$5*4-1]-4  : sp hybridisation. 
SF, : H-2[6*4]-5 :  sp'd hybridisation. 
sob  : H= E 6+2]=4 : sp? hybridisation. 


(‘O° is divalent so add only charge on anion) 


NU  : H-g[5*1]-3 : sp? hybridisation. 
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Where, H is the number of hybrid orbitals. 
If such type of electron pairs are — 


two - sp hybridisation 
three - sp? hybridisation 
four - sp! hybridisation 
five - sp'd hybridisation 
six - sp^d^ hybridisation 
seven - sp'd? hybridisation 


Shape of covalent molecules : 
— It was given by Sidgwick & Powel. 


BeCl,, CO, 


linear 


„А. ВЕ,, ВСІ, 


trigonal planar 
.. 


SnCl, 


V/bent'angular 
shape 


A 


tetrahedral 


trinogal pyramidal 
7, 
V/bent‘angular 


trigonal bipyramidal 


see-saw/distorted 
tetrahedron 


.. 


square pyramidal 


Types of Hybridisation : 


sp hybridisation : 


(i) 


(ii) 
(ш) 


In this hybridisation one s—orbital & one p—orbital of an atom are mixed to give two new hybrid 
orbitals which are equivalent in shape & energy known as sp hybrid orbitals. 

These two sp hybrid orbitals are arrange in straight line & 180° bond angle 

% s-character is 50% 


2s 2р 
Be (ground state) [IL] 


25 2р 
Be (excited state) mI | 


Be atom accepts two electrons 


2s 2p 
from F in BeF, [I] 


two sp hybridisation 
с O 
F sp sp F 
sp hybridisation 


F- Ве Е 
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CO, Molecule (O = C=O): 
In CO, molecule, C has two sp hybrid orbitals & two unhybridised p orbitals. 


1 bond 
Molecular orbital picture of CO, 


= Thus, CO, molecule is a linear in shape & having 180° bond angle. 
~ The bond length between C-O bond is reduced due to the presence of x bond. 


CH=CH [H—C,7 C,—H] 


In CH=CH molecules, each C atom contains two sp hybrid orbitals & two unhybridised p orbitals 


2s 2p 
C(ground state) + ТАГ | 
C(excited state) 
C atom accepts two electrons 


from H & C, In C,H, two sp hybridisation 


m— '—— - 
Molecular orbital of C,H, 
H-C = С-Н 


sp hybrid orbital of each С atom overlaps to give sigma bond between С – С. 


The remaining one sp hybrid orbital of cach C atom overlaps with s orbital of H, forming sigma 
bond between C — H. 


The two unhybridised p orbitals of each C atom (py and p,) overlap laterally to form two р(х) bonds. 
Therefore in H-C, = С-Н 
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sigma bond between C, — C, is formed sp ~ sp overlapping 
sigma bond between C, — Н is formed sp – s overlapping 
sigma bond between C, — Н is formed sp — s overlapping 
pi bond between C, — C, is formed : Py — Pj Px – Px overlapping 
Each C atom forms two sigma bonds but in C,H,, total sigma bonds are 3 
Each C atom forms two x bonds. Total x bonds in C,H, аге two 
Total number of bonds in acetylene are : 
Зс + 2x bond = 5 bonds 


Examples on sp hybridisation 


Example c bond | Lone pair | Hybridisation | Bond angle | Shape 
electrons 


BeH, BeCl, 180° Linear 
CO,NO;*, C.H, 

HCN, HgCl,, N,O, 

N; 


sp? Hybridisation : 
(i) In this hybridisation one s & two p orbitals are mixed to give three new sp? hybrid orbitals which 
all are in the same shape & equivalent energies. 
(ü) These three sp? hybrid orbitals are at angle of 120? & giving trigonal planar shape. 
2p 
B (ground state) 


2s 
B (excited state) 


B atom accepts 3 electrons 


From 3 Е atom .. in BF, 


(ii) % s - character = 33.3% 
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SnX, (X = F, Cl, Br, I) 


5s 5р 
Sn (ground state) ГЕТ 
Sn after hybridisation shares two electron with two atom. C] 
ka 


three sp” hybrid orbitals 


Molecular orbital of SnX, 


SnX, having two o bonds & one lone pair electron, therefore, hybridisation is 5р? 
The bond angle is SnX, will be less than 120° (duc to presence of one lone pair electrons.) 
The shape of SnX, molecule is bent. 

Examples on sp* hybridisation 


c bond | Lonepair | Hybridisation Bond angle Shape 
electron 
5р? 


Trigonal planar 
^. 


CH,- CH, 


Trigonal planar 
Trigonal planar 
Trigonal planar 
Trigonal planar 
Angular (V-shaped) 
Angular (V-shaped) 


‚3 


Graphite 


Trigonal planar 
Trigonal planar 
Angular (V-shaped) 
Angular (V-shaped) 


Trigonal planar 


3 
3 
3 
3 
3 
2 
2 
3 
3 
2 
2 
3 
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sp? Hybridisation : 
(1) In this hybridisation one s orbital & three p orbitals of an atom of a molecule or ion, are mixed 
to give four new hybrid orbitals called as sp? hybrid orbitals. 
(п) The angle between these four hybrid orbitals will be 109°28’ 
2s 2p 


C (ground state) ЕЙ БШ 
С (excited state) 


C atom share 


four electrons with ————— 
3 


4 hydrogen atoms four sp hybridisation 


Molecular tetrahedral orbital of CH, 
(ш) The shape obtained from these hybrid orbitals would be tetrahedron. 
Three following examples represent this condition. 
(a) Four sigma bonds with zero lone pair electron : 
The following examples represent this condition. 
CH, CF,, CCl, CBr,, NH,*, ВЕ, ВеР, 7, etc. 
In above compounds, bond angle is 109°28’ & tetrahedron shape. 
(b) Three sigma bonds & one lone pair of electron : 
(i) This condition is shown by following compounds & ions. 


ee 
1 


N, 
A Vy 


H 
H H 


Molecular pyramidal orbital of NH, Molecular pyramidal orbital of NH, 
NH,, NF,, PF}, NCI}, PCI, , H,O', CIO," etc. 

(ii) sp? hybridisation, pyramidal shape & bond angle will be less than 109° 28” due to the presence of 
the lone pair electron on nitrogen repels bond pair electron more therefore bond angle is reduced 
from 109*28' to 107°. The repulsion between lone pair — bond pair > bond pair — bond pair. 

(c) Two sigma bonds & two lone pair electrons : 

(i) This condition is shown by following compounds and ions. 
H,O, OCI,, OBr,, OF,, etc. 
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Gi) In all above examples, the central atom showing sp? hybridisation, angular shape and bond 
angle will be either less then 109?28' or more than 109°28', 


Molecular angular orbital of H,O Structure of H,O 
(Angular) 


In HO the hybridisation on О atom is sp?, but due to presence of two lone pair electrons they 
repell each other and then repell their adjacent bond pair electron. These repulsion will be in 
following order. 


l.p. — Lp. > Lp. – b.p. > b.p. - b.p. 
l.p. = lone pair electron 
b.p. = bond pair electron 


Examples on sp? Hybridisation 


Tetrahedron 


4 


Tetrahedron 


Tetrahedron 
Tetrahedron 
Tetrahedron 
Pyramidal 
Pyramidal 
Pyramidal 
Pyramidal 
Pyramidal 

Angular (V-shaped) 
Angular (V-shaped) 
Angular (V-shaped) 


MgF,? 
NF, 
N(CH,), 


Ө 
CH, 
H,0° 


4 
4 
4 
3 
3 
3 
3 
3 
2 
2 
2 
4 
4 
4 
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sp?d Hybridisation : 
(i) In this hybridisation one s orbitals, three p-orbital and one d orbital are mixed to give five new 
hybrid orbitals called as sp*d hybrid orbitals. 


(1) Out of these five orbitals, three hybrid orbitals are at 120° angle and two hybrid orbitals are 
perpendicular to the plane of three hybrid orbitals that is trigonal planar, the shape of molecule 
becomes is trigonal bipyramidal. 


For example, PF; showing sp?d hybridisation 


3s 3p 


3d 
P (ground state) LTT TT) 


3s 


3p 3d 
P* (excited state) mer T | Bi 
P atom share with five e of F шаша 


five sp d hybrid orbitals 


F 
Structure of PF, 
(Trigonal bipyramidal} 


Molecular trigonal bipyramidal orbital of PF, 


(ш) In this hybridisation d,: orbital is hybridised with s and p orbitals. 


In this way five sp?d hybrid orbitals form five sigma bond with five F atoms and give a molecule 
of PF,, shape of this molecule is trigonal bipyramidal. 


Axial two P-Cl bonds are longer than equatorial three Р-СІ bond due to repulsion between 3 
equatorial bond pair of electron and 2 axial bond pair of electron. 


In above hybridisation there are four conditions 


(a) Five sigma bonds and zero lone pair electron : 
The following examples represent this conditions. 
РЕ, , РСІ,, PBr., Pl;, AsF;, АѕСІ,, 5ЪСІ,, SbF, etc. 


(b) 


Structure of PCI, 
(Trigonal bipyramidal) 


Molecular trigonal bipyramidal orbital of PCI, 


The shape of all above molecules is trigonal bipyramidal. 


Four sigma bonds and one lone pair of electron : 

The following examples represent this condition. 

SF}, SeF,, TeF,, PoF,, РЕ, SbF, SCI,, SeCl,, TeCl, etc. 

The shape of all above examples will be irregular tetrahedron/see saw. 
Examples SF, 


3s 3p = 
S ground state LTT tT 4 


3s 3p 3d 
S excited state ER ЕШ ОШ 


GELE 
H ere 


five sp d hybrid orbitals 


S atom share with four electron of F 
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F 
ms | 
Ж | 
F 
Е 
Structure of SF, 
(See-Saw) 
Molecular see-saw orbital of SF, 
(c) Three sigma bonds & two lone pair of electrons : 
The following examples represent this condition. 
CIF,, BrF,, IF}, BrCl,, ICI, etc. 
The shape of all above compounds is ‘T’ shape. 
| 
м, [^ 
F 
Structure of CIF, 
(T-Shaped) 
Molecular T-shpacd orbital of CIF, 


(d) Two sigma bonds & three lone pair of electrons : 
The following examples represent this condition. 
ICI,, IBr,', CIF,, IF, BrF,-, XeF,, 1,7, Br} 
The geometry of above examples will be lincar 


sp?d? Hybridisation : 
(i) In this hybridisation, one s-orbital, three p-orbitals & two d-orbitals are mixed to give six new 
hybrid orbitals known as sp?d? hybrid orbitals. 
(ii) The shape of molecule obtained from above six hybrid orbitals will be symmetrical octahedral. 
(ш) The angle between all hybrid orbitals will be 90°. 
Example : SF,, АЕ, РЕ, ICl;, XeF,, XeOF,, ІСІ, 
(iv) Two ‘d’ orbital participates in the hybridisation are do уг and d/2 
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SF, : 
35 3p 3d 
S (ground state) O 
А 3s 3p за 
S (excited state) TIT 
ї[%[%[%[%%) CLT) 
S (after hybridisation) e 


six sp'd " hybrid orbitals 


sp*d? Hybridisation : | 
(1) In this hybridisation, one s-orbital, three p-orbitals & three d-orbitals are mixed to give seven new 
hybrid orbitals known as sp*d? hybrid orbitals. 


(i) In this hybridisation d-orbitals used are d, d2,2& 4,2 orbitals. 


х^-у> 
(iii) These seven sp*d? orbitals are configurated in pentagonal bipyramidal shape. 
(iv) Five bond angles are of 72° & two hybrid orbitals are perpendicular to the plane of five hybrid 
orbitals that is pentagonal planar, the shape of molecule becomes pentagonal bipyramidal. 


(v) The following examples showing sp?d? hybridisation : IF, & XeF, 


Structure of IF, 
(Pentagonal bipyramidal) 


Illustration 


1. Which of the following statement is not correct? 
(A) Hybridization is the mixing of atomic orbitals 
(B) sp? — hybrid orbitals are formed from two p - atomic orbitals and one s- atomic orbitals 
(C) dsp? — hybrid orbitals are at 90° to one another 
(D) d*sp’ -hybrid orbitals are directed towards the comers ofa regular octahedron 
Ans. (A) 
Sol. Hybridization is the mixing of atomic orbitals having comparable energy. 
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2. The correct order of increasing s-character (in percentage) in the hybrid orbitals of following molecules’ 
ions is: 
(D СОГ (Il) XeF, (Ш) 1; (IV)NCI,  (V)BcCI, 
(A) П<Ш<ІУ<І<У — (B)IIIV«IHIcV«I— (С) Ш<1<1<У<ІУ (р) IIs IV<III<I<V 
Ans. (А) 
Sol. CO,? — sp? %s character = 33.3% 
XeF, — sp*d* 16.6% 
A — sp'd 20% 
NCI, — sp! = 25% 
BeCl, — sp 50% 
Exercise 
1. Which of the following statement is incorrect ? 
(A) NH; shows sp? — hybridisation whereas NH; shows sp? — hybridisation 
(B) AOH); hasa regular tetrahedral geometry 
(C) sp? — hybridized orbitals have equal s- and p- character 
(D) Usually hybridized orbitals form c - bonds 
Ans. (C) 
2. Which is correct statement? 
As the s-character of a hybrid orbital decreases 
(I) The bond angle decreases (II) The bond strength increases 
(III) The bond length increases (IV) Size of orbital increases 
(А) (D, (HI) and (IV) (В) (1D, (HI) and (IV) (C) (I) and (II) (D)Allare correct 
Ans. (A) 


HYBRIDISATION IN SOLID STATE / AQUEOUS STATE OF MOLECULES 


Hybridization of covalent specie which exist in ionic form in solid state. 


Hybridization | Solid State Hybridization (Cation) Hybridization (Anion) 


[PCL]* + [PCT 
[PBr,]* + Br 
[XeF,]* + F^ 
[NO,]* *[NO,] 
[NO]* + [NO 
[NO]* + [NO;]" 


[BrF,]* «(BrF,] 

[IF,] HIF 

[L,CI]* *[ICL] 

[CIO,]* *[CIO,] 

В+ +10; J; 

[1С1„]* ІСІ spd? 
[1;]° +] sp?d 
[LCN]* *[I(CN),] ѕр?а (1) 


Illustration 
1. The cationic part of solid СІ,О, is having the" " shape. 

(A) linear (B) angular (C) Tetrahedron (D) undefined 
Ans. (B) 


Sol. CLO, —=[clo,} + [cio] 
dh = 
ngular 


Exercise 
1. What is the state of hybridisation of Xe in cationic part of solid ХеЕ,. 


(A) sp? (B) sp? (C) spd (D) sp? 
Ans. (B) 


GLESSPIE AND NYHOM THEORY OR VSEPR THEORY 


(Valence shell electron pair repulsion theory) 


(1) If the central atom possess only bonded pairs of electrons along with identical atoms then shape 
of the compound is symmetrical and according to Sidgwick & Powel 


eg. BF, — 120° => trigonal planar 
CH, — 109°28' = tetrahedral 
CO, — 180° => linear 


(ii) If the central atom possess bonded pair of electrons as well as lone pair of electron, then shape 
of the molecule will be unsymmetrical i.e. the original bond angle will disturbed due to repulsion 
between lone pair of electrons. 

Similarly on having different type of side atoms, molecule becomes unsymmetrical due to unequal 
force of repulsion between electron. 
Order of repulsion is — f.p, — f.p > £p — b.p. > b.p. – b.p. 
1 
Bond angle х No.of lone pair of electron 

(ш) By increasing one lone pair of electron, bond angle is decreased approx by 2.5°. 
eg. CH, NH, H,O — sp? hybridisation 

109° 107° 105° 

(iv) In the different molecules if central atom have same number of lone pair of electron then bond angle 
will depend on electronegativities of A & B. 

In AB, type of molecules if side atoms are same Electronegativity of central atom increases, then 
bond angle increases. 


гс. ssh 
> 
105" 92 
н н н н 
more repulsion less repulsion bp-bo 


Electronegativity of 'O' > Electronegativity of 'S' 
Bond angle – NH, > PH, > AsH, 


In AB, type molecules, if central atoms are same and the Electronegativity of side atoms increases 
then Бора angle decreases. 


“O° Кед 


а a -— га 


Electronegativity of Fluorine is greater than chlorine 
PF, < PCI, < PBr, < Pl, (Electronegativity of side atom decrease) 
OF, < CLO < Br,O 
SF, < SCI, < SBr, 
Bond angle depends on size of side atom, On increasing size of side atom bond angle increases. 
CIO > HO 


ap 


H 104,5° H CI 


Illustration 


Arrange the following in order of decreasing № — О bond length: NO;, NO;, NO; 
(A) NO; > NO; > NO, (B) NO, > NO, > NO;(C) NO; > NO; > NO; (D) NO, > NO; > NO; 


Ans. (B) 
1 
Sol Bond order æ Bond length 
NO,* NO, NO, 

Bondorder 2 1.5 1.33 
Exercise 
1. Comment on the ZCNC and ZHNN in CH,NCS and HN, respectively. 

(A) less than 120° and less than 120° (B) Greater than 120° and less than 120° 

(C) less than 120° and greater than 120° (D) Greater than 120° and greater than 120° 
Ans. (B) 
2. The correct order of decreasing x - 0- Х bondangle is (X = Н, F or Cl): 

(A) H,O >CLO > F,O (B) Cl,O» H,O > F,O (C) F,O»CIl,O» H,O (D) F,0> H,O» CIO 
Ans. (B) 
DRAGO'S RULE 


According to Drago, when central atom of the compound is of 3rd period or below this of periodic 
table then lone pair is present in stereo chemically inactive s-orbital and bonding will take place 
through pure p-orbitals. But clectronegativity of the surrounding atom must be less than or equal 
to 2.5. Then there is no hybridization and bond angle is nearly 90°. 

NH, (107.8°), PH, (93.6°), AsH, (91.8°), SbH, (91.3°) 
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Illustration 


Among the following, the correct statement is : 

(A) Between NH, and PH,, NH, is a better electron donor because the lone pair of electrons occupies 
spherical *s' orbital and is less directional 

(B) Between NH, and PH,, PH, isa better electron donor because the lone pair of electrons occupies 
sp? orbital and is more directional 

(C) Between NH, and PH,, NH, isa better electron donor because the lone pair of electrons occupies 
sp? orbital and is more directional 

(D) Between NH, and PH,, PH, isa better electron donor because the lone pair of electrons occupies 
spherical ‘s’ orbital and is less directional 


Ans. (C) 
Sol. NH, sp? hybridisation (directional property), 
PH, — No hybridisation 
So the NH, isa better lewis base than PH, 
Exercise 
1. The bond angle in PH, is: 
(A) Much lesser than NH, (B) Equal to that in NH, 
(C) Much greater than in NH, (D) Slightly more than in NH, 
Ans. (A) 
RESONANCE 
(1) The concept of resonance was introduced by Heisen berg (1920) , and later developed by pauling and 
ingold, to explain the properties of certain molecules, 
(ii) ^ Ithasbeen found that the observed properties of certain compounds cannot be satisfactorily explained 


(iii) 


by writing a single lewis structure. The molecule is then supposed to have many structures, each of which 
can explain most of the properties of the molecule but none can explain all the properties of the molecules. 
The actual structure is in between ofall these contributing structures and is called resonance hybrid and 
the different individual structures are called resonating structures or canonical forms. This phenomenon 
is called resonance. 
Let us discuss resonance in ozone, according to its resonating structure it should have one single bond 
(O—O = 1.48A) but experiments show that both the bonds are same which can be proved by its 
resonance hybrid as shown below. 

"d eee » 

Resonance hybrid 

To calculate bond order in the polyatomic molecule or ion use following formula : 


Total number of bonds in a molecule 


Bond order = Resonating Structures 
eg. O= a C—O Bond order= 5 = 1.33 
о 
0=5-07 P—O Bond order= : =1.25 
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0=6-07 ClO Bond order- 21.75 
о 
Illustration 


E (C—CI) bond in CH,=CH-C1 (vinyl chloride) is stabilised in the same way as in: 
(A)benzylchloride — (B)cthyl chloride (C) chlorobenzene (D)ally chloride 
Ans. (C) 


Sol. Both the molecule shows resonance 


Exercise 
1. Which of the following option is incorrect? 
(D All C-O bonds in CO} are equal but not in Н,СО,. 


(II) All C—O bonds in HCO, are equal but not in HCO,H 
(Ш) C-O bond length in HCO, is longer than C—O bond length in COT A 
(IV) C-O bond length in НСО; and C-O bond length in CO? are equal. 


(A) HI & IV (B) II & Ш (C) II & IV (D)I & IV 
Ans. (A) 
. Resonance does not occur duc to the 
(A) delocalization ofa lone pairofelectrons (В) delocalization of sigma electrons 
(C) delocalization of pi electrons (D) None of these 
Ans. (B) 
BENT RULE 


When all hybrid orbitals equivalent. Ex. sp?, sp? 
(1) If the more EN atom present in hybrid orbital, %s character decreases. 


М. 
с-н 
Ed " 


F 


to compensate decrement of %s character these %s character increases on that orbital which have 


less EN atom bonded. 
Example-1 
H е n : 
| | “31 | di st 
“I~ SL Ong T st, Cs T sl © s4 
" | е Р] n are хи P jas d 
All have same ‘is character ч н Е 
(з) (®) (с) & 


C-Hbondlength a>b>c>d 
HCFbondangle b<c<d 


(2) Ifthe L.P is present in hybrid orbital, %s character increases 


Example-2 


| 
C 
u^ “и 


(a) 


HON 
H 


* «Js st st 


3 534 AO 
pt H AN 


(b) (c) 


Н х Н bond angle a > b > c (X = Central atom) 


If hybrid orbital are not equivalent 


L.p. acquire place where %s character are higher 


Example-3 


For ex. 
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Bond length comparison 
Example-5 
F T 
E” и HS s. 7 n 
Е (а) Е Ke (b) "Hu 
N-N bond length a « b 
Example-6 
H F 
sí IU st ~~ 
0—0 am 
(a) F (b) 
О-О bond length a > b 
Illustration 
1. Comment on the effect of lone pair on axial and equatorial bond angles of SF}. 


Í 

Sol. Gi 
B 
F 


As expected axial bond should distort more than cquitorial but actually duc to loan pair has tendency to 
goes with more % character available bond angle decreases more than axial one. 
Equatorial F—S—F angle will be 120? but it is 103°] 


2. Axial B.A. іп (SF,) > CH, = SF, . Why? 


Exercise 


1. The strongest P-O bond is found in the molecule 
(A) F,PO (B) СРО (С) Br,PO (D) (CH,),PO 
Ans. (A) 
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BACK BONDING 


The one sided sharing of electron pair present in the outer orbital of an atom with the empty orbital 
present in the adjacent atom. It leads to the formation of a x coordinate bond. 


Condition for back bonding 


The donor atom must have localized donatable electron pair. In general these are later half , second 
period P - block elements (F, O, N and C). The acceptor atom must have low energy empty 
orbital which generally are np or nd orbitals. Small and similar sized orbitals favour overlap. 


Effects of back bonding 


l. 


9: ili М 


It always leads to an increase in bond order between the participating atoms. 
It always leads to an increase in bond strength between participating atoms. 
It always leads to a decrease in bond length between participating atoms. 


It decreases the lewis acid character of the acceptor atom as the low energy empty orbital is now 
filled and not available for accepting the electron from a lewis base. This is evident in case of boron 
halides. Boron and fluorine are the members of the same period and hence have orbitals having 
similar size and energy. This allows fluorine to effectively donate the electrons from its filled p 
orbitals to the empty unhybridized orbital of boron. This makes ВЕ, much weaker lewis acid than 
ВСІ, which in turn is a weaker lewis acid than ВВг,. 


Structural formula of boron trifluoride, BF ,, showing ? bonding involving filled fluorine 2p orbitals 
(formally lone pairs) overlapping with the empty 2p orbital on boron and donating electron density 
to relieve boron's electron deficiency. 


This can easily be explained by the increase in size of the halogen atom, its orbitals and decreased 
capacity to donate electron towards back-bonding as we move down the group. The Lewis acidity 
scale of boron trihalides BX, (X=F, Cl, Br, I) and character of the boron-halogen bonds have been 
studied by means of DV-Xm approach. Present results show that the acid strength of boron 
trihalides increases in the order ВЕ; <ВСІ, <BBr,<BI,, in excellent agreement with experiments. 


It decreases the lewis base character of the donor atom as now its electrons are not free for 
donation. This is evident in comparison of the lewis base character of N(SiH;), and N(CH,),. In 
trisilyl amine the lone pair of nitrogen is involved in back bonding with empty 3d orbital of silicon. 
Hence it is not available for donation. This makes it much weaker base in comparison to trimethyl 
amine. (Another comparison could be pyrol and pyridine, aniline and methyl amine) 


It either increases the bond angle or the bond angle remains the same but never decreases. The 
bond angle increases when the donation is from the peripheral atom towards the central atom as 
in case of PF,. In it the electron pair from the filled p orbital of fluorine moves into the empty 3d 
orbital of phosphorus. This increases the electron density in the phosphorus fluorine bond and 


increases the bond pair - bond pair repulsion. This makes the F-P-F bond angle in PF3 (98°) 
greater than H-P-H bond in PH, (94°). The bond angle increases even when the donation is from 
the central atom towards the peripheral atom as in the case of trisilyl amine, (SiH,), N. Nitrogen 
donates the lone pair in its p orbital to the empty d orbital of Si. This decrease the electron density 
on nitrogen and with that the lone pair - bond pair repulsion also decreases. The hybridization of 
nitrogen changes from sp3 to sp2. And so the bond angle becomes almost 120°. Same is the case 
with (SiH,),O (144° ) compared to (CH,),0 (110°). CH;-NCS is bent whereas SiH,-NCS is 
linear. 


In some cases like BF,, there is no change in the bond angle due to the back bonding. 


n Complex formation tendency of certain ligands which have back bonding in them is affected. 
(CH;),0 readily forms complex with BF; but (SiH;),O does not as here the lone pair of O is 
utilized in back bonding with Si. 

8. HCCI, is more acidic than HCF,. Although F is more electronegative than Cl and hence should 
make the negative charge more stable by dispersing it through inductive effect. But the observation 
suggests that the conjugate of CHCI,, -CCl, is more stable than -CF,. This can be explained by 
considering the transfer of electron pair from carbon to empty d orbital of Cl leading to a better 
dispersal of negative charge. 

9. Carbenes: Dichloro and difluoro carbenes (ССІ, and CF) due to back bonding from the side of 
halogen prefer to exist in the singlet state. Whereas for CH, the triplet is the more stable state. 

Illustration 

1. From the given set of molecules select the group in which Ist molecule has less acidic character in 
comparison of IInd molecule 
(A) СНСІ,, CHF, (B) BF,, BCI, 

(C) (51Н,),О, O(CH,), (D) (CH,), SiOH, (CH,),COH 

Ans. (B) 

Sol Duc tothe presence of effective px - px backbonding іп BF,; it is less acidic than ВСІ, 

Exercise 

1. Boron forms BX, type of halides. The correct decreasing order of Lewis-acid strength of these halides 
5 
(A) BF, > BCI, > BBr, > BI, (B) BI, > BBr, > BCI, > BF, 

(C) ВЕ, > BI, > ВСІ, > BBr, (D) BF, > ВСІ, > ВІ, > BBr, 

Ans. (B) 

SILICATES 


The way in which the (SiO,)* tetrahedral units are linked together provides a convenient 
classification of the many silicate minerals. 
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General Formula 


Ring Silicate 
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Illustration 


The following pictures represent various silicate anions. Their formulae are respectively: 


- e Silicon 
7 C Oxygen 


(A) 51057 51,05 (В) Sio? 51,015 
(C) Sio? 51,02- (D) SiO? 505 

Ans. (В) 

Sol (П Orthosilicate is SiO, * 

(ID — Ist&lastare chain terminating unit. So the molecular formula is 
SiO, ,* + SiO,7- + SiO, > 

a Si,O,* anion is obtained when 

(A) no oxygen ofa SiO, tetrahedron is shared with another SiO, tetrahedron. 

(B) one oxygen ofa SiO, tetrahedron is shared with another SiO, tetrahedron. 

(C) two oxygen ofa SiO, tetrahedron are shared with another SiO, tetrahedron. 

(D) three or all four oxygens of a tetrahedron are shared with other SiO, tetrahedron. 

Ans. (B) 

Sol.  Pyrosilicate — no. of oxygen shared in cach tetrahedron is 1. 

Exercise 

L Si E (having three tetrahedral) is represented as: 

(A) d AA b (B) / £ (C) both (D) none 

Ans. (B) 

2. The silicate anion in the mineral kinoite is a chain of three SiO, tetrahedra that share corners with 
adjacent tetrahedra. The mineral also contains Ca?* ions, Си?” ions, and water molecules in a 1:1:1 ratio 
mineral is represented as: 

(А) CaCuSi,O,H,O (B) CaCuSi,O,,.-2H,O (C) Ca,Cu,S1,0,,2H,O(D) none of these 

Ans. (C) 

BRIDGE BOND 


When a species seems to be exceeding its valence in a bid to join two specie the bond is termed as the 
bridge bond. 

The main reason for the formation of the bridge bond is to complete the octet. This is the main but not the 
only reason. There could be specie which have octet already exceeded and still they try to gain more 
electrons by the formation ofthe bridge bond. It seems that the reason is just the availability of low 
energy empty orbitals. 

The first preference of every species is to satisfy the valency within the molecule. That is the back 
bonding. The bridge bond is formed when a species cannot satisfy the electron deficiency by back 
bonding. 
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The bridge bonds are of two types: 

1. The electron deficient bridge bond. It is formed by hydrogen, alkyl or boron. 

2. Coordinate bridge bonds. These are formed by the species which have an extra donatable 
electron pair in their valence shell. These are generally formed by halogens. 
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Illustration 


1. The type of overlap in the bridge bond existing in AL(CH,), is 
(A)sp'-sp'd-sp! (B)sp!-sp'-sp!  (C)sp-s-sp (D) sp? — sp? – sp? 
Ans. (D) 
н. н 


HC > CN CH, 
Al sp А! 
Sol. # р zi > 
H.C т. t ы CH, 
н! 
Exercise 


1. The molecular shapes of diborane is shown: 


Consider the following statements for diborane: Hy adi: ән 
1. Boron is approximately sp* hybridised p^ “Oe” “н 


2. B-H-B angle is 180° 
3. There are two terminal В-Н bonds for each boron atom 
4. There are only 12 bonding electrons available 


Ofthese statements: 
(A) 1, 3 and 4 are correct (B) 1,2 and 3 are correct 
(C) 2, 3 and 4 are correct (D) 1, 2 and 4 are correct 
Ans. (A) 
HYDROLYSIS 


Hydrolysis is a chemical process in which a certain molecule is split into two parts by the addition 

of a molecule of water. One fragment of the parent molecule gains a hydrogen ion (H+) from the 

additional water molecule. The other group collects the remaining hydroxyl group (OH-). 
Illustration 


1. Select correct statement about hydrolysis of BCI, and NCI, 
(A) NCI, is hydrolysed and gives HOCI but ВСІ, is not hydrolysed. 
(B) Both NCI, and ВСІ, on hydrolysis gives НСІ 
(C) NCI, on hydrolysis gives НОСІ but ВСІ, gives НСІ. 
(D) Both NCI, and BCI, on hydrolysis gives HOCI. 
Ans. (C) 
Sol NCI, + 3H,O > NH, + HOCI; BCI,+3H,O — H,BO, + 3HCI 


Exercise 


1. Which of the following halides cannot be hydrolysed? 


(I) TeF, (Il) SF, (Ш) NCI, (IV) NF, 
Choose the correct code : 
(A) HI & IV (B) L II & III (C) L IL & IV (D) II & IV 


Ans. (D) 
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MOLECULAR ORBITAL THEORY 


VBT (Valence bond theory) was unable to explain eg. Paramagnetic nature of O, molecule, as рег 
VBT (:O: :O:), it should be diamagnetic. 


Definition: 


The atomic orbital lose their identity during molecule formation (overlapping) and form new orbitals 
termed as molecular orbitals. 


Characteristic of molecular orbitals: 

(i) Molecular orbital formed by overlapping of atomic orbital of same energy 

(ii) Number of molecular orbital formed = number of atomic orbital involved in overlapping 
(ii) ^ Half of the molecular orbital have lower energy аге called Bonding molecular orbital. 
(iv)  Halfare of higher energy is termed as Antibonding molecular orbital 


(у) Electronic configuration in various molecular orbital are governed by same three rules. 
(a) Aufbau’s rule (b) Hund’s rule (c) Pauli’s exclusion principle 


Comparison of Bonding molecular orbital & Antibonding molecular orbital : 


Bonding molecular orbital (BMO) Antibonding Molecular orbital (ABMO) 


Bonding MO is the result of the linear ABMO is result of linear combination of AO 
combination of AO when their wave when their wave function are substracted 
function are added Y, = Y, +, тар. Ф 


Generally yt does not have node. It always have a node between two nuclei of 
bonded atom. 


Charge density increase between two Charge density decrease in between two nuclei, 
nuclei resulting attraction between two leads to repulsion between two atoms. 
atoms 


Energy of BMO is less, hense stable Energy of ABMO is high, hence unstable 


Notation of molecular orbitals: 


As atomic orbitals are known by letters s, p, d and f depending on their shapes. Similarly for 
molecular orbital. 


For bonding molecular orbital- с, л, ё etc. 
For antibonding molecular orbital. c+, ле, 5+ etc. 
are used for different shapes of electron cloud. 
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Energy Level Diagram of molecular orbital : 
On the basis of Aufbau’s rule - increasing order of energies of various molecular orbitals is- 
с (Is) < o (15) < с (2s) < o» (25) < с (2p) < x (2р,) = x(2p,) < x*(2p,) = z* (2p,) <с* (2p,) 
Energy level diagram for homonuclear diatomic molecules like, O,, F}, Ne, 


For O, molecule- 


A. 
anal’ x'(2p,)1'(2p,)^-..^ 
E * NS 4) @) od 2p 


Having two unpaired / 
electrons so paramagnetic NI 2.42) 


с(2р,) 


& 
© @ 
© “ ©) “М @) 
Р BN GD Ps 
c (2s) 


‚_®_ 
Q 7 9 w Ф 


15 м. x 15 
Abmicobiai SO) 7 aa 
of oxygen atom c (1s) of oxygen atom 

Molecular orbital 
of oxygen Molecule 


Bond order - 2 


Bond order: О, = 2 
О; 22.5 
О; 21.5 
05 = 1.0 


Stability order — О, > 0,> О;> or 


Bond length- O%>0;>0,> О; 
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Energy level diagram for В,, С, and М, molecules – 
с (Is) < o+ (Is) < с (25) < o+ (25) < л (2p,) = х (2p,) < o (2p,) < x* Qp,) = я* (2p,) € o* (2p) 


For №, molecule 
fi c*(2p. EN 
є X )(1 yz f eee) n*(2p,) VN 
j e » G SNA 
R OOO 
2p MN Е 


P. 2p 
X ~S o A 
с(2р,) / 


x(2p) х(2р,) 


(D F d c*(2s) ч. @ 


2s 9 D Р "ш 25 


Increasing energy їп N, molecule 


15 у. " 1s 
Atomic orbital M0 7 Atomic orbital 
of nitrogen atom с (15) of nitrogen atom 
Molecular orbital 
of nitrogen molecule 


Cause of exceptional behavior of molecular orbital in B,, С, and N;: 
Energy of 2s and 2p atomic orbitals lie fairly close 
Due to small energy difference between 2s and 2p, orbitals, the interaction between them is 
quite large. 
This results in loss of energy by o (2s) and o* (25) and thus с (2s) and o* (2s) becomes more stable 
at the cost of c (2p,) and с» (2p,) which gets unstablised (Higher energy). 


Electronic configuration of molecules and their related properties :- 

For writing electronic configuration of diatomic molecules following two rules to be followed- 

— Count the number of electrons present in two atoms and then fill in the appropriate energy level 
diagram according to Aufbau rule. 

= The pairing in x (2р,) and z (2р,) or z* (2p,) and z= (2p,) will take place only when each 
molecular orbital of identical energy has one electron. 

— After writing the molecular orbital diagram following parameter about molecules/ion may be 
predicted. 
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(i) Bond order :- 
Bond order = % [N,-N,] 
№ - Number of electron in bonding molecular orbital 
N, - Number of electron in antibonding molecular orbital 


-- (di i) Bond length x ————— 
(ii) ^ Bond length :- (distance between two nuclei) pt lod 


If N >N, :thenmolecule exist 


me "A Molecule does not exist 
b= М, 
(iii) Stability of molecules - stability of molecule = Bond order of molecule 
(iv) Dissociation energy - Bond dissociation energy = Bond order 
(v) Magnetic property- 
(a) When electron in Molecular orbital are paired — then the molecule is diamagnetic. 
(b) When electron in Molecular orbital are unpaired – the molecule is paramagnetic. 
Bonding in molecules :- 
(i) Hydrogen molecule- Having two Н atoms with one electron each (15)! 


О 
© oft siis N, E ©) 


E 1s 5 
(Atomic orbital of. ~ [Atomic orbital of 
hydrogen atom) otis} hydrogen atom) 
Molecular orbital 
of H molecule 


Molecular orbital (M.O.) configuration of H, = c (1 sy a +(15)° 
Bond order = 2 [N, – N,] 
= %[2-0]=1 i.e. single bond 
Having paired electron, so diamagnetic. 
Stability — quite stable (having single bond) 
=e 
(1) ж. о (15) ^ O 
1s 1s 
" - (Atomic orbital ы C) 7 (ютсоыа 
(ii) H, ion – of H-atom) c (1s) of H'-atom) 


Molecular orbital 
of H^?molecule 


Molecular orbital (M.O.) configuration of Configuration of H,* = c ( Is)! c +(15)° 
One electron in bonding molecular orbital. 


So paramagnetic 
Bond order = '4 [1— 0] = % 
Less stable 


(iii) ^H, anion- 
Molecular orbital (M.O.) configuration - с (1s)? с «(1s)! 
Paramagnetic 
Bond order = 5 [2 – 1] = % 
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Q Z NO 
E E 
15 EN 1s 
(Atomic orbital VO и (Atomic orbital 
of H-atom) (15) of H^-atom) 
Molecular orbital 
of H; molecule 


Stability is less than [H,*] because H,~ Contain antibonding molecular orbital (ABMO) electron 


(iv) Helium molecule (He,) : Molecular orbital (M.O.) configuration c ( 1s)? c+ (15)? 
~ Diamagnetic 
— Bond order =% [2 - 2] = 0 (zero) 
— Bond order zero indicates no linkage 
between He atoms. Hence He, molecule does not exist 
— Stability (He;) Highly unstable molecule 


Q “ 9 Ф 
E is А D i Is 
(Atomic orbital EN (2 " (Atomic orbital 
of Hec-atam) of He-atom) 
a(1s) 
Molecular orbital 
of He, molecule 


Illustration 


1. Comparison of СО & СО* bond length on the basis of MOT. 

Sol. CO is 14 electron system like N,, have bond order three, highest energy electron in CO have slightly 
antibonding character due to energy difference in atomic orbital of C & O . So removing ofa electron 
from CO decreasing in antibonding character so inCO* bonding character increases therfore CO 
bond length in CO > СО? 


Exercise 


1. During the formation ofa molecular orbital from atomic orbitals, probability of electron density is: 


(A) minimum in the nodal plane (B) maximum in the nodal plane 
(C) zero in the nodal plane (D) zero on the surface of the lobe 
Ans. (C) 
2. Pick out the incorrect statement? 
(A) №, has greater dissociation energy than №? (В) О, has lower dissociation energy than O,* 
(C) Bond length in N,* is less than №, (D) Bond length in МО* is less than in NO. 
Ans. (C) 
3. Which ofthe following species is paramagnetic ? 
(A)NO^ (B) О,” (C) СМ (D)CO 
Ans. (A) 
4. Bond order of Be, is: 
(A)1 (B)2 (C)3 (0)0 


Ans. (D) 
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Characteristic of Covalent Compound : 


(i) 


(ii) 


(iii) 


(iv) 
(v) 


(vi) 


Physical state :- Covalent compounds are found in all the three states - Gas, Solid & Liquid. 
Separate molecules — In gaseous state 
Associate molecules — In liquid & solid state 

(Due to strong vander waal's force and hydrogen bonding among the molecules.) 
As the molecular weight increases, physical state changes : 
eg. F, and Cl, Br, L, At, 

gas liquid solid 

эе ——Є—ъ 

Top to bottom in a group, Vander waal’s force increases between the molecules. 
Covalent solid : Those solids in which atoms are linked together by covalent bonds, forms infinite 
three dimensional giant structure. e.g. Diamond, Graphite, AfN, SiC, SiO, сіс. 


Molecular solid : Discrete (separate) molecules are formed by covalent bonds and then the 
molecules associated duc to intermolecular force of attraction. ( Vander-waal's force) 
eg. Solid L, dry ice (Solid СО.) etc. 
Conductivity : Mostly covalent compounds are bad conductor of electricity. But few polar covalent 
compounds duc to self ionisation can conduct electricity.c.g. H,O, liq. NH, etc. 

H,O + H,O = H,O* + OH- 

2NH, == NH,* + NH, 
Free ions are formed which can conduct electricity. 


Exceptions : Graphite, НСІ in water. 

Solubility : Non polar compound are soluble in non polar solvents. Non polar compounds forms 
Vander-waal's bond with non polar solvent molecules. 

Isomerism : Covalent bond is rigid and directional, so it shows isomerism. 

eg. Organic compounds. 

Reaction : Reaction between covalent compounds are slow. Because it involves breaking of old 
bonds and formation of new bonds 


ELECTROVALENT OR IONIC BOND 


The chemical bond formed between two or more atoms as a result of the complete transfer of one 
or more clectrons from one atom to another is called Ionic or electrovalent bond. 
Electro positive atom loses electron (group IA to IIIA) 
Electro negative atom gains electron (group VA to УПА) 
Electrostatic force of attraction between cation and anion is called ionic bond or electrovalent 
bond. 
Electronegativity difference « nature of ionic bond. 
Example IA and VIIA group elements form maximum ionic compound. 
Na + а э Ne + oF 
2,8,1 2,8,7 2,8 2,8,8 


4е- (Ne configuration) (Аг configuration) 


(у) 
(vi) 


(vii) 


(уш) 
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Моге the distance between two elements in periodic table more will be ionic character of bond. 
Total number of electron lose or gained is called clectrovalency. 
Example ~ 


Mg [e] 
(a) 2,8,2 2.6 electrovalency of Mg = 2 


electrovalency of O = 2 


electrovalency of Ca = 2 
electrovalency of CI = 1 


2,8,8,2 2,6 electrovalency of Са = 2 
electrovalency of О = 2 


The force of attraction is equal in all direction, so ionic bond is non-directional. 
lonic compound do not have molecular formula. It has only empirical formula. eg. NaCl is the 
empirical formula of sodium chloride. 


Conditions for Forming Ionic Bonds : 


(а) 


(b) 


(с) 


Formation of Ionic bond depends upon these three factors : 
Ionization energy : 


Amount of energy required to remove an electron from the outermost orbit of an isolated gaseous 
atom to form the positive ion or cation. (energy absorbed) 


Lesser lonisation energy — Greater tendency to form cation. 


, «2. ap 
en js и wer кы Net sti" | Cation formation tendency 
Electron affinity 
Amount of energy released when an electron is added to an isolated gaseous atom to form negative 
ion (i.e. : anion). 
Higher electron affinity Greater tendency to form anion 

e.g. СС >= Вг> г 

F»0?»N? 

Lattice energy - Amount of energy released when one mole of crystal lattice is formed. Higher 
lattice energy — Greater will be the stability or strength of ionic compound. 
Factors affecting lattice energy : 
(i) Magnitude of charge : 

Lattice energy (U) « z^ z (Ionic charges of cation and anion) 


Lattice energy « Magnitude of charge 
NaF MgF, AIF 
Na* Mg*? Ard 
— 
~ Lattice energy increases 
— Size of cation decreases. 
(ii) Size of Cation : 


Lattice energy = 


+ = 
B y 


LiCl NaCl KCl RbCl CsCl 


— Size of cation increasing 
— Size of anion is constant 
- Lattice energy decreases 


Representation of formula of compounds : 


(a) Write the symbols of the ions side by side in such a way that positive ion is at the left and negative 
ion is at the right as A*B™ 
(b) Write their electrovalencies in figure at the top of each symbol as A*BY 


(c) Now apply criss cross rule as АА) Lc formula A,B,. 


Examples : Calcium chloride Са2>бш = CaCl, 


Inert Pair Configuration 


The heavy elements of IIIA, IV A and V A groups form cations having charge equal to group 
number and two less than group number, e.g. Ti^, In^', Sn", Pb". In these elements due to 
more penetration power of s orbitals, the atom generally does not lose e- present in ns orbital, 
so only np electrons are lost by the atom. This effect is called "inert pair effect". 


Illustration 


1. Among the following, the element which show inert-pair effect are : 


(I) Bi (1I) Sn (III) Pb (IV) C 
(A) L& Il (B) 1 & Ш (C) II & IV (D) I, I & Ш 
Ans. (B) 
Sol. Inaheaviour p-block elements lower oxidation becomes more & more stable due to the inert pair effect. 
Sothe stability of 
Pb*? > Pb* 
Bi?» Ві 
Exercise 


1. Which of following stability order is incorrect due to inert pair effect. 
(A) Hg? > Hg” (B) Bi** > Bi** (C) Pb?* > Pb** (D) Fe?* < Fe?* 
Ans. (D) 
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POLARIZATION 


(Fajan's Rule) (Covalent nature in ionic bond) 
(i) When a cation approaches an anion closely the positive charge of a cation attract the electron 
cloud of the anion towards itself, due to the electrostatic force of attraction between them. 
(ii) At the same time cation also repel the positively charge nucleus of anion. 
(ii) ^ Due to this combined effect, cloud of anion is bulged or elongated towards the cation. This is called 
distortion, deformation or Polarization of the anion by the cation and anion is Polarized. 
Polarization Power : 
The ability of cation to polarise a nearby anion is called Polarization power of cation. 


© () — ө<ә 

Polarizability : 

(i) Ability of anion to get polarised by the cation. 

(п) Polarization of anion causes some sharing of electron between the ions so ionic bond acquires 
certain covalent character. 

(ii) ^ Polarisation « Covalent-character 

(iv) | Magnitude of polarization depends upon a number of factors, suggested by Fajan and are known 
as Fajan’s rule. 


FAJAN'S RULE : (FACTORS AFFECTING POLARIZATION) 


(a) Size of cation : - Polarization of the anion increases as the size of cation decreases. 


1 
Polarization = Regu gem um 


In a group – BeCl, 


MgCl, | -Size of cation increases 
CaCl, - Covalent character decreases 
SrCl, - lonic character increases 
BaCl, 


Greatest polarizing power of Be?*, shows its maximum covalent character in BeCl,. 
In a period — 
Na*, Mg?, АГ, Si** 
—————————— 
- Size of cation decreases 
- Covalent character increases 
(b Size of anion 
If the size of the anion increases for a given cation, the covalent character increases 
Polarization = size of anion. 


CaF, 
CaCl, - Size of anion increases 
CaBr, - Covalent character increases 


Cal, - lonic character decreases 


(с) Charge on cation and anion : 
=> Polarisation « charge on cation / anion 
(1) Charge on cation = Polarisation (covalent character) 
eg. NaCl MgCl, AICI, SiCl, 
Na* Mg'* AI"* gp" 


- Charge on cation increases 
- Covalent character increases 
- Ionic character decreases (Melting Point decreases) 


1 


Charge on anion = polarisation х covalent nature « ——————. 
Melting Point 


(d) Electronic configuration of cation : If the size of cations in different compounds are same than 
that of cation having inert gas configuration, polarization capacity of cation having pseudo inert gas 
configuration is high. 

CuCl (Melting Point = 442°C) —> Cu* (2, 8, 18) (Covalent) 

NaCl (Melting Point = 800°C) —>» Na* (2, 8) (Ionic) 
Cu* and Na* both the cation (Pseudo & inert) have same charge and size but polarizing power 
of Cu* is more than Na* because Z g of ns?p* (inert) < Z e of ns?p*d!? (pseudo). 


Na* « Cu* 
(lonic) (Covalent) 
So, CuCl has more covalent character than NaCl. 
Illustration 
1. Amongst LiCl, RbCL BeCl, and MgCl, , the compounds with the greatest and the least ionic character, 


respectively are : 
(А) LiClandRbC] (В) RbClandBeCl, (C) RbCland MgCl (D) MgCl, and BeCl, 


Sol (B) 


According to the fajans rule 

— 
size of cation 
a polarisability ос size of anion 


Covalent character ос polarisation power oc 


Exercise 


The melting point of A/F, is 1291? C and that of SiF, is - 77° C (it sublimes) because : 

(A) there is a very large difference in the ionic character ofthe A] Е and Si - Р bonds 

(B) in AIF, , AP* interacts very strongly with the neighbouring F^ ions to givea three dimensional 
structure but in SiF, no such interaction is possible 

(C) the silicon ion in the tetrahedral SiF, is not shielded effectively from the fluoride ions whereas in 
AIF, , the AP* ionis shielded on all sides 

(D) the attractive forces between the Sif, molecules are strong whereas those between the AIF, molecules 
are weak 


Ans. (B) 
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Properties of ionic compounds : 


(a) 


(b) 


(c) 


(d) 


(e) 
(i) 
(i) 


Physical state : 
lonic compounds are hard, crystalline and brittle due to strong electrostatic force of attraction. 
Brittleness > 


l Repulsion 


(Same charged ions comes nearer. So they repell each other) 


Isomorphism : 

(1) Two compounds are said to be isomorphous if they have similar number of electrons 
i.e.similar electronic configuration of their cation and anion. 

(ii) They have similar crystal structure. 


Example – Na* F- Mg? 0? 
Valency +1, -l +2, -2 
electronic configuration 2, 8, 2,8 2,8 2,8 
similarly Ca*? 2СГ! 2K*! S? 


(2, 8, 8) (2, 8, 8) (2, 8, 8) (2, 8, 8) 

Boiling point and melting point : 
Ionic compounds have high boiling point and melting point due to strong electrostatics force of 
attraction among oppositely charged ions. 
Conductivity : 
It depends on ionic mobility. In solid state - No free ions - Bad conductor of electricity. 
In fused state or aqueous solution Duc to free ions - Good conductor of electricity. 

conductivity order : Solid state < Fused state < Aqueous solution. 
Solubility : Highly soluble in water (Polar solvents) Example : NaCl in water 
The Na* ions get associates with negatively charged “О” of water 
And СГ ions associates with positively charged *H* of water. 


“Jy B® 


(ш) Thus charge on Na* and Cl- decreases and electrostatics force of attraction also decreases which 
leads to free ion. 

(iv) Тһе energy released due to interaction between solvent and solute is called solvation energy. If 
water is used as solvent it is called hydration energy. 

(у) Foran ionic compound to be soluble in water 
Hydration energy > Lattice energy 


1 
Lattice energy = Solubility 
Hydration energy « Solubility. 


Hydration energy (Н) « 1 + 1 {r, & г аге radius of cation and anion} 


LE € 


(vi) Hydration energy mainly depends on the cation radius because the value S is negligible in 
г 


А 1 
comparison to —. 


г, 
(vii) Down the group both the lattice energy & hydration energy decreases, if decreases in lattice is 
greater than hydration energy, solubility increases down the group and vice versa. 


Illustration 


1. The hydration of ionic compounds involves : 
(A) Evolution of heat (B) Weakening of attractive forces 
(C) Dissociation into ions (D) All of these 

Sol. (0) Theory Based 


Exercise 


1. The correct order of hydration energy is 
(A) Be? < Lit (B) Na* > Mg? (C) Na* < Mg? (D) AI? < Na* 
Ans. (B) 


Factor affecting solubility : 


(i) Dielectric constant : 
The capacity of solvent to neutralise the charge of ionic compounds is called Dielectric 
constant. It is represented by "c" 
(a) Water has maximum dielectric constant (c = 80) 
(CH,OH,: = 35) , (Acetone, s = 21) 
(C,H,OH, є = 27) , (Ether, == 4.1) 
(Benzene, = = 2.3) 
H,0 > CH,OH > CH,CH,OH > CH,COCH, > CH,OCH, > C,H, 
(b) lonic compounds are more soluble in the solvents, having high dielectric constant. 
(c) H,SO, and Н,О, have high dielectric constant but these are not a good solvent due to oxidising 
nature. 
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(ii) Size of Ion : 
(a) Keeping size of cation constant, the lattice energy decreases with the increases of anionic radius. 
Hence, order of solubility of LiX in water is LiF < LiCl < LiBr < Lil 


- 1 
As, solubility x тае energy 


(b) In Lil covalent nature is more according to Fajan's rule but Hydration Energy > Lattice Energy, 
therefore Li is more soluble in water. 
(c) Keeping size of anion constant, the hydration energy decreases with the increase of cationic radius. 
Hence order of solubility of MSO, will be — 
BeSO, > MgSO, > CaSO, > SrSO, > BaSO, (Exception of Fajan's rule) 
(d) If size of cation and anion is very large, solubility decreases from top to bottom. 
(є) Solubility decreases in a period (as ionic nature decreases and covalent nature increases) 
NaCl > MgCl, > AICI, 


Illustration 


1. Which of the following is/are incorrect about solubility trend in group I & II? 


Least soluble in water Most soluble in water 
(A) Hydroxides : LiOH CsOH 
(B) Carbonates : Cs,CO, Li,CO, 
(C) Nitrate : Ba(NO,), Be(NO,), 
(D) Sulphates А BaSO, BeSO, 


Sol (В) 
Correct solubility order 
Li,CO, < Na,CO, < K,CO, < Rb,CO, < Cs,CO, 


Exercise 


1; Choose the correct code for the following statements. 
I. The (—)ve value of AH for the dissolution of ionic compound is enough to predict the compound 
is soluble in water at any temperature. 
п. For the alkali metals carbonate, solubility order decreases down the group. 
Ш. — Forthealkali metals ozonide, the thermal stability order increases down the group. 
IV.  Forthealkaline earth metals nitride, the thermal stability order increases down the group. 
(A)TTFF (B)TFFT (OTFTF (DFTTF 
Ans. (C) 


DIPOLE MOMENT 


(Ionic Nature in Covalent Bond) 
(i) Polarity of any polar covalent bond or molecule is measured in terms of dipole moment. 
(п) For measurement of extent of polarity, Pauling introduced the concept of dipole moment (и). 


The product of positive or negative charge (q) and the distance (d) between two poles is called 


(iii) 
(iv) 


(у) 


(vi) 


(vii) 


(viii) 
(ix) 
(x) 


(xi) 


(xii) 


dipole moment. 
Here : p = q х d (magnitude of charge x distance) 
Dipole moment is a vector quantity i.e. it has both magnitude as well as direction. 
Direction of dipole moment is represented by an arrow pointing from clectropositive to 
electronegative clement and from central atom to lone pair of electrons. 
@ ———MMM « 
central atom —L, lone pair of electron 
Unit of dipole moment is Debye 
| Debye = 1 x 10*!5 esu cm. 
= 3.33 х 107? coulomb metre 
In the diatomic molecule dipole moment (11) depends upon difference of Electronegativity i.e. 
dipole moment (p) = Electronegativity difference 
order of dipole moment (и) : H-F > Н-СІ > H-Br > H-I 
dipole moment (и) = 0 for H-H, Е-Е, СІ-СІ, Br-Br, O-O 
For polyatomic molecules dipole moments (и) depends on the vector sum of dipole moments of 
all the covalent bonds. 
For PCl; and SF,, etc. dipole moment (y) = 0 due to their regular geometry. 
Benzene, naphthalene, biphenyl have dipole moments (p) = 0 due to planar structure. 
If the vector sum is zero, than compound is non-polar compound or symmetrical compound (and 
it is not essential that individual dipole moments (д) of every bond should be zero). 
Example : (A) BX,, CCl}, SiCl,, СН,, CO, CS,, PCI, SiH, etc. 
In these examples the bond В-Е, C-Cl, С-Н, C—O, P-C] etc. are polar even though compounds 
are non-polar. 


" PH, > 
NF, 
Zo" Hy P. H т.743 
ита. Cat ins 
— H F 
(B) EEA Se F 
Pu H TE 
и 71.470 Electronegativity of P=H и 70.24 D 


Dipole moment of H,O is 1.85 D which is resultant dipole moment (и) of two О-Н bonds. 
o" 
UN. 
н Ww 
dipole moment (и) of H,O is more than dipole moment (u) of H5S because electronegativity of 
oxygen is higher than sulphur. 


Angular structure of molecule have greater dipole moment. 


Application of dipole moment : 


(i) 


To determine polarity and geometry of molecule : 


If dipole moment (u) = 0 compound is non polar and symmetrical 
eg. СО,, BF,, CCl, CH}. BeF, etc. 
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If dipole moment (u) + 0 compound will be polar and unsymmetrical. 
eg — H40, SO,, NH,, CIO, CH,Cl, CHCI ete. 
(ii) To calculate % ionic character : 


Experimental value of dipole moment(H) 


== : х100 
Theoritical value of діроіетотепі(и) 


% lonic character = 


(ii) То distinguish cis form or trans form:- 
(a) Dipole moment of cis isomers is normally higher than trans isomers. 


eg. – 


«——- 
і Би а H 
CI—C—H 
4«——- m 
p20 p=0 
cis-form Trans-form 
Polar (u #0) Non Polar ( и=0) 
(b) If two groups have opposite inductive effect than trans-isomer will have greater dipole moment- 
eg. 
н „© н „© 
`1 NZ 
C c 
| I 
С C 
UM И 
н н 


@) 


(ivy To locate position of substituents in aromatic compounds. 


] 


Dipole moment (u) « ————— — 
o (и) Bond angle 


(a) If same substituents are present in the symmetrical position dipole moment (m) of benzene ring 
compounds will be zero. 


о A б 


M Angle 120* Angle 60* 
Aue 180° m-dichloro benzene о-аісҺого benzene 
p-dichloro benzene 
p0 


(b) As angle between substituents decrease value of dipole moment (p) increase 


Some important orders of dipole moments (р) 
HF > H,O > NH, > NF, H,O > H,S 
СН,СІ > CH,F > CH,Br > СН, BF, < NF, < NH, 
HF > Н,О > SO, > NH, H,0 < Н,0, 


Illustration 


1. Which has maximum dipole moment? 


CI CI 

СІ сі с G CI 
CI CI EN 
(A) O (B) (С) © (D) S 
а З CI 


Sol. (А) 
Due to the symmetrical structure dipole moment of (C) & (D} are zero & (A) having maximum dipole 
moment. 

Exercise 


1. Which of the following has been arranged in order of decreasing dipole moment ? 


(A) CH,Cl > CH,F > СН Вг > CH,I (B) CH,F > CH,CI > CH,Br > CH,I 
(C) CH,Cl > CH,Br > СН, > CH,F (Р) CH,F > CH,CI > CH,I > CH,Br 
Ans. (A) 


2. The experimental value of the dipole moment of HCI is 1.03 D. The length of the H — C! bond is 
1.2754 . The percentage of ionic character in HCl is : 
(A) 43 (B)21 (C) 17 (D)7 

Ans. (С) 


VANDER WAAL'S FORCES 


(a)  Thistypeofattractive forces occurs in case of non-polar molecules such as H}, O5, CL, CH ,, CO, etc. 
(b) Theexistence of weak attractive forces among the non-polar molecule was first proposed by dutch 
scientist J.D. Vander Waal 
(c) Vander waal'sforce ос molecular weight 
æ Atomic weight 


x: Boiling point 
Types of Vander Waal's force : - 
(i) Dipole-Dipole attraction or Keason force - It is attraction in between two polar molecules such 
as HF and НСІ 
HF HCl 


(i) ^ Dipole - Induced dipole attraction or Debye force : In this case a neutral molecule is induced 
as a dipole by another dipole as shown in fig. 


eg HCl CL 


Before induction C Жу Q 
After induction € D С) 
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(iii) Induced dipole - induced dipole attraction or London or dispersion force 
between two non polar molecules as in CL, He etc. 


O Q 


Cl, Cl, 
Illustration 
1. The strongest force among the following is 
(A) London force (B) lon-dipole interaction 
(C) Dipole-induced dipole interaction (D) Dipole-dipole interaction 
Sol. (B) 
For ion-dipole interaction 
1 
Ea => 
r 


2. Select the correct statement : 
(A) Boiling point of NF, is greater than NMe,. 
(B) Greater the dipole moments in molecule, greater will be the dipole-dipole interaction between the 
molecules. 
(C) London dispersion force increases with decreasing number of electrons. 
(D) Boiling point of hydrides of carbon family decreases down the group. 
Sol. (B) 
Surface area & molecular weight of NMe, is greater than NF,, so the boiling point of NMe, > NF.. 


Exercise 
1. Хе can be liquified due to” "with in molecules : 
(A) ion-dipole interaction 


(B) dipole - dipole interaction 

(C) dipole - induced dipole interaction 

(D) instantaneous dipole - induced dipole interaction 
Ans. (D) 


HYDROGEN BOND 


Definition : 
(i) It is an electrostatic attractive force between covalently bonded hydrogen atom of one molecule 
and an electronegative atom (F, O, N) 
(ii) It is not formed in ionic compounds 
(ш) ^ Hydrogen bond forms in polar covalent compounds, (not in non-polar) 
(iv) Itis also known as dipole-dipole attraction or ion-dipole interaction. 
He — Fe .... H** Е... H$* — Fe 


Main condition for Hydrogen bonding : 


() 
(ii) 


(ш) 
(iv) 


(A) 


(B) 


Hydrogen should be covalently bonded with high electronegative element like F, O, N 
Atomic size of electronegative element should be small. 
Decreasing order of atomic size is- 
N > O > E 
Decreasing order of electronegativity is — 
F > о> М 
(4.0) (3.5) (3.0) 


1 


Strength of Hydrogen bond = Electronegativity of element = uir sion cf Me uic sie of element 


Hydrogen bonding occurs in HCN, due to (-C = N) triple bond (sp hybridisation), electronegativities 
of carbon and nitrogen increases. 
H—C=N-~......... *H—C=N~.......... *H—C=N 


Types of Hydrogen Bonding 


——7 


Inter Molecular Intra Molecular 


Homo Inter Molecular Hetero Inter Molecular 


Intermolecular Hydrogen bond 

Hydrogen bond formation between two or more molecules of either the same or different compounds 
known as Inter molecular Hydrogen bonding 

These are two types. 

(i) Homointermolecular :- Hydrogen bond between molecules of same compounds. 


eg. 


Tus QH н ^ " 
A BN rà Pd ES P d М 
o oc 0 VM ч ж 
^. ^. , P4 
g^ € US US ч Fd N 7 
*H “H “H “н F^ F 
(1) Hetro intermolecular :- Hydrogen bond between molecules of different compounds. 
eg. alcohol, water 


"d 
© © Ө 


alcohol Water alcohol Water 


Intra molecular Hydrogen bond :- It takes place within the molecule. 

(i) Hydrogen bonded with electronegative elements of a functional group, form Hydrogen bond 
with another electronegative element present on nearest position on the same molecule. 

(ii) This type of Hydrogen bond is mostly occured in organic compounds. 

(iii) It result in ring formation (Chelation). 
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eg. 
H, 
ó o 
о | | 
фы H., 
О, / 
м” OL ens Е; ө 
о Salicylaldehyde o-fluorophenol 2, 6-dihydroxyl benzoate 
o-nitrophenol 


Effect of Hydrogen bond on physical properties : 
(i) Solubility : 
(A) Inter molecular Hydrogen bonding 
(a) Few organic compounds (Non-polar) are soluble in water (Polar solvent) due to Hydrogen 
bonding. eg. alcohol, acetic acid etc. are soluble in water. 


Other examples-Glucose, Fructose etc, dissolve in water. 
(b) Ketone, ether, alkane etc. are insoluble (no Hydrogen bond) 
(c) Solubility order- CHOCH, < CH,OH 

Primary amine > secondary amine > tertiary amine 
(B) Intra molecular Hydrogen bonding: 

(a) It decreases solubility as it form chelate by Hydrogen bonding, 

so Hydrogen is not free for other molecule. 
(b) It can not form H-bond with water molecule so can not dissolves. 


Ne Se 
(Salicylaldehyde) 


(C) Inter molecular Hydrogen bond 


p-hydroxy benzaldehyde 


It can form Hydrogen bond with water molecule so it can dissolved 
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(ii) 


(iii) 


(iv) 


(v) 


Viscosity: 
Hydrogen bond associates molecules together, so viscosity increases 


CH, — OH 
CH, — OH 

CHOH < | < — OH 
CH, — OH агай 


H,O > CH—OH > CH,—O—CH, 


water alcohol ether 


Melting point and boiling point 

(a) Due to intermolecular Hydrogen bond Melting Point & Boiling Point of compounds increases. 
H,O > CH,OH > CH, — O—CH, 

(b) Trihydric alcohol > dihydric alcohol > monohydic alcohol 


Monocarboxylic acid form stronger Hydrogen bond than alcohol of comparable molecular 
weight. Therefore Boiling Point of carboxylic acid is higher than alcohol. 


(c) Decreasing order of Melting Point & Boiling Point isomer amines- 
1°--атіпе > 2?-amine > 3?-amine 
R 
К — NH, > R— NH – К> К — N — R (no hydrogen with nitrogen atom) 
(d) Boiling points of VA, VIA, VIIA hydrides decreases on decreasing molecular weights. 
VA VIA VIIA 


NH, H,O HF boilingpoint HF > HI > HBr > HCI 

PH, H,S HCI H,O > TeH, > ScH, > H,S 
AsH, ScH, НВг NH, > SbH, > AsH, > PH, 
SbH, тен, HI 


(е) But sudden increase in boiling point of NH,, Н,О and HF is due to Hydrogen bonding 
H,O > HF > NH, 

Intramolecular Hydrogen bonding gives rise to ring formation, so the force of attraction among 
these molecules are vander waal’s force. So, Melting Point and Boiling Point are low. 
Molecular weight : Molecular weight of CH,COOH is double of its molecular formula, due to 

dimer formation occur by Hydrogen bonding 


Physical state : H,O is liquid while H,S is gas. 
Water and Ice:- Both have Hydrogen bonding even then density of ice is less than water. 


Volume of ice is more because of open cage like crystal structure, from by association of water 
molecules with the help of Hydrogen bond. 
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H,O becomes solid (Ice) due to four hydrogen bond among water molecule are formed in tetrahedral 
manner. 


(vi) Base strength 
CH,NH,, (CH4), NH, (CH;), №, form Hydrogen bond with water. So, less hydrolysis i.c. it gives 
OH" ions. 
While (CH,), N OH (ammonium compound) will give ОН” ion in large amount due to no 
Hydrogen bonding. 


H H 
| | 
CH,— N---H—O — >  CH,— “= H+OH 


H H H 
+ 
Г* (Ammonium compound.) 
CH,—N — CH, NO Hydrogen atom bonded directly with Nitrogen atom 
ls so no hydrogen bonding occurs. 
3 


Effect of intramolecular H-bonding 

(i) Strength of acid 
(a) The formation of intramolecular H-bonding in the conjugate base of an acid gives extra stability 
to conjugate base and hence acid strength increases eg. Salicylic acid is stronger than benzoic acid 
and 2, 6 — dihydroxy benzoic acid > salicylic acid. 


gr fon 
Conjugate base 
-U2 
Ог -12 
^ Ne 
Т NF \ 
о о 
+H 


2, 6-dihydroxyl benzoate ion 


(b) C,H,SH is more acidic than C,H,OH. In C,H;OH, Hydrogen bond forms, so Н? is not free 
(c) HF is weaker acid than НІ, due to Hydrogen bond in Н – Е, H* is not free 
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(ii) Stability of chloral hydrate:- 


If two or more OH group on the same atom are present it will be unstable, but chloral hydrate 
is stable (due to Hydrogen bonding). 


Cl — RA 
О 
Pa eee Chloral hydrate 
/, м 
жй 
e =- H 
diii) ^ Maleic acid (cis) is stronger acid than fumaric acid (trans). 

о о 

i de 4 J 

N v М Ses 
c/ “он c/ "o m 
— S * 
i OH І H 
И Nc^ 4 № 
H 
ll ll 
[9] о 
(Maleic acid) Stable conjugate base of maleic acid 
H COOH 
v 
| 
ae 
HOOC H 


Fumaric acid (No-intramolecular Hydrogen bonding) 


Note: The relative strength of various bonds is as follows 


Ionic bond > Covalent bond > Metallic bond > Hydrogen bond > Vander waal's bond 
Illustration 


1. Ethanol has a higher boiling point than dimethyl ether though they have the same molecular weight. This 


is due to: 
(A) resonance (B) coordinate bonding (C) hydrogen bonding (D) ionic bonding 
Sol. (С) 
-ð +8 
R-O- -— H- Р — но 
H R R 
R- O0 — 


| Hydrogen bonding is not possible. 
R 


Exercise 


1. Arrange the following in order of decreasing boiling point : 

(I) n-Butane (II) 2-Butanol (Ш) п-Вшуі chloride (IV) Isobutane 

(^) IV» HI »I»1 (В) >ПН>Ш>1 (C)i»2H»IHi»IV | (D)I»Il»1»1V 
Ans. (D) 
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METALLIC BOND 


(а) 


(b) 


(f) 


The constituent particles of metallic solids are metal atoms which are held together by metallic 
bond. 

In order to explain the nature of metallic bond Lorentz proposed a simple theory known as electron 
gas model or electron sca model. 

A metal atom is supposed to consist of two parts, valence electrons and the remaining part (the 
nucleus and the inner shells) called kernel. 

The kernels of metal atoms occupy the lattice sites while the space between the kernel is occupied 
by valence electrons. 

Due to small ionization energy the valence electrons of metal atoms are not held by the nucleus 
firmly. Therefore, the electrons leave the field of influence of one kernel and come under the 
influence of another kernel. Thus the electrons are not localised but are mobile. 

The simultaneous attraction between the kernels and the mobile electrons which hold the kernel 
together is known as metallic bond. 


Properties of metals and their explanation by electron sca model : 


1. 
(а) 
(b) 


Metallic lusture : 

It is due to presence of delocalised mobile electrons 

These loosely bonded electrons vibrate due to energy photon of incident light and radiates energy 
immediately. 


Electrical conductivity : 

It is due to mobile electrons. 

These electrons flow equally in all direction. 

While applying a potential difference across a metal, there will be a directed flow of electrons 
towards the positive electrode. 

The directed flow of electrons carries the electric current from one point to another and therefore, 
the metals are known to be good conductors. 


Thermal conductivity : 
It can also be explained on the basis of electron gas model. 
While heating a metal kinetic energy of electron increases and propagates through collisions. 


Malleability and ductility : 
This property is due to non directional nature of metallic bond. 
Basically the kernels can slip over each other when a deforming force is applied. 


High tensile strength : 
It is due to positively charged kernels and the mobile valence electrons. 


POINTS TO REMEMBER 


(a) 


(b) 


(d) 


Bond energy of a diatomic molecule is enthalpy change to dissociate one mole of the diatomic 
gaseous molecule to form the respective gaseous atoms. 


Strong metallic bonding is favoured by smaller size of kernel. 

Band theory is related with metallic nature 

The resonance structure do not have independent existence. 

The hydration of ionic compounds involves evolution of heat, weakening of attractive forces and 
dissociation into ions 

The maximum covalency is equal to the actual number of s-electron and p-electrons in the outermost 
shell 


Many ionic crystals dissolve in water because water decreases the interionic attraction in the crystal 
lattice due to solvation. 


Hydrogen bond stabilizes the secondary structure of proteins. 

Isoclectronic molecular species have similar molecular orbitals and similar structure according to 
isoclectric principle 

The amount of energy required to break one mole of the bonded atom and separate the bonded 
atoms in the gascous state is known as bond dissociation energy 

The average angle between the bonded orbitals is known as bond angle (0). 


Bond length may be defined as the average distance between the centres of nuclei of two bonded 
atoms. 


Polymorphism (Allotropy) is a term used when one and the same substance can crystallise in more 
than one forms. 


In SO,, there is px - рл bonding as well as px - da bonding due to overlap of filled px orbitals 
of oxygen with the vacant 3d orbitals of sulphur. 


H,SO, exists in two forms which are always in equilibrium with one another 


| 
| | 
PET fs 
10: © 
H | :0: 
М н 
(Symmetrical sulphurous acid) (Unsymmetrical sulphurous acid) 


The unsymmetrical form containing S — Н bond explains the reducing character of H,SO,. 
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(р) The anion of H5SO, i.c. SO, has a pyramidal structure with S atom in sp? hybridization and all 
the S — О bonds are of equal bond length (134 pm) 

(q) Inthe gaseous phase, SO, is a planar triangular molecule with sulphur atom in sp? hybridization 
state 


iQ: 


S 
IX, 


In order to account for the equivalency of all the S — О bonds and short S — О distance of 143 
pm, SO, may be considered as a resonance hybrid involving pz-pz S — О bonding along with 
additional px-px bonding. 


143 pm 


(г) In the solid phase, SO; polymerizes to puckered rings or the more stable layer structure as shown. 


O о о 


ИНН 
$ S S 

E ms Nae | Sag a SS 

о о o ө: 9 


Ring Structure Layer Structure 


Q.1 


Ans. 


Sol. 


9.2 


Sol. 


Q3 


Sol. 


QA 


Sol. 


Q.5 


Sol. 


SOLVED EXAMPLES 
An atom of element A has three electrons in its outer shell and B has six electrons in its outermost shell. 
The formula ofthe compound formed between these will be- 
(A) A.B, (B)A,B, (C)A,B, (D)A,B 
(B) 
In this case the valence electron in the atom A is three and hence its valency is generally 3. Inthe atom B 
the number of valence electron is six. Hence its valency is usually 2. Hence the formula of the molecule 


formed from A and B could be A,B,. An example of two such elements are Al and O and the formula of 
Aluminium oxide is ALO,. 


o-Hydroxy benzaldehyde is a liquid at room temperature while p-hydroxy benzalehye is a high melting 
solid 


o-Hydroxy benzaldehyde show intramolecular H-bonding or chelation, which are weaker than 
intermolecular H-bonding in p-hydroxy benzaldehyde. 


- OHC 


Compare the bond angle in (axial bond angle) 


R Oo 
R H.C 
«| e | 
D 5c» 
p | Hc | 
OR о 


duc to ring strain В.А. іп second will be тоге than (I) 


Using VSEPR theory, draw the shape of PCI, and BrF,. 


CI 


CI 


Indicate the type of hybridization of each carbon atom in the following compounds 
(A) CH,CN (В)СН,СН = СН,  (C)H,C-C&C-CH, (D)HC=C-CH=CH, 
(A) sp! and sp (B) sp), sp, sp? (С) ѕр?, ѕр, ѕр,ѕр? (р) sp, sp, sp”, sp? 


Q.6 
Sol. 


Q7 


Ans. 
Sol. 


Q.8 


Ans. 


Sol. 


Q.9 


Ans. 
Sol. 
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Among the following compounds/species write the order О-О bond length in O5, О [АЅЕ ,], K[O.] 
0, 
O[AsF,] or о}[А$Е„] 
K[O,] ог КО; 
The bond length decreases with increasing bond order 


Species о, О; О; 
Bond order 2.0 2.5 1.5 
Bond length 0; < О, < О; 


Two elements X and Y have following electronic configuration- 
X 152, 2s?, 206; 3s?, 3р8; 4s? 
Y 152, 252, 2p®; 352, 3p5 
The expected compound formed by combination of X and Y will be expressed as- 
(A) XY, (B) X;Y, (C) X,Y; (D) XY; 
(A) 
Valency of element X is 2(2 electrons in the outermost shell) while that of element Y is 1(1 electron 


required in the outermost shell to complete octet) So the formula ofthe compound between X and Y is 
XY, 


2 >< 1 

X Y 
The compound MX, is tetrahderal. The number of « XMX angles in the compound is 
(A) Three (B) Four (C) Five (D)Six 


(D) 


X, 

| 
eT Bond angles 
2 x 4 

A 


Total angles are six [ X MX, X,MX,, X, MX,, X, MX,, X, MX,, X, MX,] 


The electronegativity of H and Cl are 2.1 and 3.0 respectively. The correct statement (s) about the 
nature of HCl is/are 


(A) 17?5 ionic (B) 83% ionic (C) 50?5 ionic (D) 100% ionic 
(A) 
% ionic character ^ 16(X ,-X5)* 3.5 (X a- Xp)? 

=16(3.0-2.1)+3.5(3.0-2.1)? 

= 14.4 + 2.83 = 17.235 = 17% 


Ans. 


Sol. 


Q.14 


Q.15 


Ans. 


The electronegativity of О, Е, N, Cl and Н are 3.5, 4.0, 3.0, 3.0 and 2.1 respectively. The strongest 
bond will be : 


(A) F-O (B)O - CI (CO N-H (D)O-H 
(D) 
Bond strength x Difference in electronegativity of atoms 


In which solvent NaCl has maximum solubility 

(A) H,O(e=80) (B)C,H,OH (£-27) (C)CH,COCH,(e=21)(D) C,H,OC,H,(e=4.1) 
(A) 

Solubility ос dielectric constant (=) 


Which has maximum covalent character ? 

(A) NaCl (B) SiCI, (C)AICI, (D) MgCl, 

(B) 

Polarisation in the molecule increases with increase of charge and decreases in size of the cation when 
the anion is same. 


The dipole moment of HBr is 2.6 x 107% Cm and the interatomic spacing is 1.41 A. The percentage of 
ionic character in HBr is- 


(A) 10.5 (B) 11.5 (C) 12.5 (D) 13.5 
(B) 


Observed dipolemoment 


D catis iustis паранын spatii Й 7. 
% ionic character = Theoreticaldipolemoment 


Theoretical dipole moment ofa 100% ioinic character 
=exd = (1.6x10719C)x(1.41x10719m) 
= 2.256 x 107? Cm 


% ionic character = „26-10 «лоо =11.5 
CO, is isostructural with 
(A) CH, (B)SnCl, (C) Несі, (D) NO, 
(C) 
The structure of CO, is linear O=C=O, similarly the structures of HgCl, is linear (CI-Hg-CI). SnCl, 
H 
and NO, have angular structures and CH, has tetrahedral structure C. 
n^ iu 
Identify the correct sequence of increasing number of n-bonds in the structures of the following molecules: 
(D H,S,0, (II) H,SO, (Ш) Н,5,0; 


(A) 1, H, Ш (B) Il, Ш, I (C) IL, I, Ш (D) I, HII, H 
(B) 


Sol. 


Q.16 


Ans. 
Sol. 


Q.17 


Ans. 
Sol. 


Q.18 


Ans. 


Sol. 
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Oo 

H,S,0, но 5 —OH  4n-bonds 
оо 
о 

H,SO, но—$ 1 z-bonds 
OH 
[9] 

H,S,0, но—$-5—он 3z-bonds 


Enol form of acetone contains the following: 

(A) 9c-bond, 1 x-bond and two lone pair of electrons 
(B) 8c-bond, 2 x-bond and two lone pair of electrons 
(C) IO0c-bond, 1 x-bond and onc lone pair of electrons 
(D) 9c-bond, 2 x-bond and one lone pair of electrons 
(A) 


Enol form of acetone is 


CH, н, [9 сапа 1 z bond and 2/p] 
OH 


The decreasing order of solubility of silver halide is 


(A) Agl>AgBr>AgCl>AgF (B)AgF>AgCl>AgBr>Agl 
(C) AgCl > AgF > AgBr> Agl (D) AgBr> AgF > Agl>AgCl 
(B) 


AgI has maximum covalent character [- Г isa large anion], while AgF has minimum covalent character, 
Therefore, it has more solubility 


The atomic number of Sn is 50. The shape of gaseous SnCl, molecule is : 


(A)CLSn-Cl (В) B d (C) alo (p) $^ 
d \ rd à d 5 
(D) 


5s 5р 
5п[2= 50]. [Kr] [r4] [T [4T | 
sp? – hybridisation : 
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Q.19 


Ans. 


Sol. 


Q.20 


Ans. 


Sol. 


Q.21 


Sol. 


0.22 


Sol. 


In which case hydrogen bond will not be observed 
(A) H303 (B)H,O (С) но; (D) H,0* 
(D) 
H0; species 
| ur 

(A) реги (В) 0—H..0—H 

H 
(С) Н.О; (H-bonding) (D) H,0*(no H-bonding) 

H "IM H Р 

[perd M 

Which of the following statements is correct in the context ofthe allene molecule, C,H,? 


(A) The central carbon is sp hybridized 

(B) The terminal carbon atoms are sp* hybridized 

(C) The planes containing the CH, groups are mutually perpendicular to permit the formation of two 
separate m-bonds. 


(D) All correct 
(D) 
H H 
М. A 
с=с=с, 
H^ “Н 


Prove that dipole moment of C,H,Cl and m-C,H,CL, аге same. 


cl CI 
© Ci Let C-Cl > x is bond moment 
CI 
Hg =X 


Hg =2 pcos 0/2 
ug =2xcos 60 
=2x0.5 

=x 


Thus both have p, =x 


Maleic acid is more acidic than fumaric acid. Why? 


Malcic acid Anion is stabilized bv 
Intramolecular H-bonding 


Q.23 


Sol. 


Q24 


Ans. 
Sol. 


Q.25 
Sol. 
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Glycerol is more viscous than ethanol, Explain. 
CH,-O-H 
Сн-о-н | ©НсОн 
CH, -OH 
4 
Due to presence of 3-OH groups higher no. of H-bonding, Glycerol is more viscous than ethanol. 


It has been observed that % "5 character in Sb-H bond in SbH, is 0.5%. Predict the %'s' character in 
the orbital occupied by the lone pair is. 
(A) 99.5 % (B) 99.0 % (C) 98.5% (D) 98.0 % 


(C) 
Total %s-character in three Sb-H bond pairs = 0.5 + 0.5 + 0.5 = 1.5% 


hence % s-character in £.p. = 100 ~ 1.5 = 98.594 


The dipole moment of NH, is more than that of NF, 


6 б 
! 0 и 
Dipole moment vectors = М М. = Dipole moment vectors 
are counter acting a | м | N are reinforcing 
et F Fx a" H н, one another 
i 1 
Hy Hz 
"s Hy SH, 
AlsoPolantyof М——————Е bond > Polarity of N ———— ——H bond 


(Е.М№= 3.0) (E.N=4.0) (E.N=3.0) (Е№= 2.1) 


NOMENCLATURE OF ORGANIC COMPOUNDS 


Mainly three systems are adopted for naming an organic compound : — 


(1) Common Names ог Trivial System 
(ii) Derived System 

(ш) TUPAC system or Geneva System 
COMMON OR TRIVIAL SYSTEM 


On the basis of 


Source Property Discovery Structure 


(i) On the basis of source from which they were obtained. 


S.No.| Organic Trivial Name 
Compound 


CH40H Wood spirit or Methyl | Obtained by destructive distillation 
spirit of wood. 
NH,CONH, Urea Obtained from urine 


CH, Marsh gas (fire damp)  |It was produced in marsh places. 


CH,COOH Vinegar Obtained from Acetum - i.e. Vinegar 
OOH 
1 Oxalic acid Obtained from oxalis plant. 


COOH 
HCOOH Formic acid Obtained from formicus [Red ant] 


СНз - СН ~ COOH Lactic acid Obtained from lactous (milk) 
| 
OH 


CH; -COOH Malic acid Obtain from Apple 
| 
CH(OH)COOH 


CH,CH,CH,COOH Butyric acid Obtained from butter. 


CH,(CH,),COOH Caproic acid Obtained from goats. 


C;H,OH Grain alcohol Obtained from barley. 
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(ii) On the basis of property 
1. Glucose - Sweet in test 2. Glycol - Sweet poisnous 
3. Glycerol - Sweet 
(Glycus - Sweet) 


(iii) On the basis of discovery 
1. RMgx (Grigard Reagent) 2. R,Zn (Frankland reagent) 


(ту) On the basis of structure 


No. of Carbon atom | Word Root 


Common Names for Hydrocarbon Derivatives 


Alkyl halide 
Alkyl alcohol 
Alkyl thio alcohol 
Alkyl amine 
Dialkyl ether 
Dialkyl ketone 


Dialkyl amine 
Trialkyl amine 


Alkyl alkyl’ ether 


Alkyl alkyl’ ketone 


Alkyl alkyl’ amine 
Alkyl alkyl’ alkyl” amine 


GROUPS 


Atom or a group of atoms which possess any ‘free valency’ are called as Groups. 


If their are two structure of same molecular formula then some prefix (n, iso, neo) are used two 
differentiate them. 


Normal group : – 
(a) It is represented by ‘n’. 
(b) Groups having no branch (Straight chain). 
(c) Free bond will come cither on Ist carbon atom or on last carbon atom. 
n — butyl CH, - CH, - CH, - CH, - 
n-propyl СН, – CH, - CH, - 


Iso group : – 


When one methyl group is attached to the second last carbon of the straight carbon chain is named 
as iso group. 


H,C - CH- CH, -CH-CH,- CH, -CH-CH, -CH, - 
eg E CH, CH, 
Isopropyl Isobutyl Isopentyl 
Exception : 
CH; CH; 
| І 
СН; -С- СН, -CH-CH; - СН; -С – CH-CH,- 
| | I | 
CH, CH, CH; CH, 
(1) Iso octyl (ii) Iso heptyl 


Neo group : — 

(a) When two methyl groups on second last carbon of a straight carbon chain is attached to other four 
carbon atom group is named as псо group. 

(b) It is represented by following structure - 


C с 


| | 
“5 for eg. C- C- C- Neo pentyl 
с i 
(c) There should be one 4? carbon and atleast three methyl group on 4? carbon. 


NOTE: (Optically Active) = If all valency are attached to different atoms. 
Amyl group : — 


H 
CH, - CH, -6- CH, - CH3 -CH2 -CH — CH; - CH? - CH? - CH- ee 
Нз 2 н» CH3 du, 


du, 


Active amyl Secondary amyl Active secondary amyl Active iso secondary amyl 
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Secondary group : — 
(a) The carbon having free valency attached to two carbon is called secondary carbon. 
(b) It is represented by following structure. C =с -C-C 


eg.(i) | CH,-CH-CH,-CH, (ii) CH,-CH-CH,-CH,-CH, 


(secondary butyl) (secondary pentyl) 
Tertiary group : – 
(a) The carbon having free valency attached to three other carbon . 


С 
(b) It is represented by following structure - c- С 
| 
CH, CH, 
| 
eg @СН;-С-СН, CH, -C-CH, -CH, 
Ж 
(Tertiary butyl) (Tertiary pentyl) 


Alkyl group : — 
When a hydrogen is removed from Alkane (saturated hydrocarbon) then alkyl group is formed. 
A bond is vacant on alkyl group on which any functional group may come. 
alkane — > Alkyl - 
(СЪН, +) (C,H;,,4) 

e.g. 

(i) CH, —r> CH, - 

Methane Methyl 
(ii) CH,- CH, э CH,-CH, - 


Ethane ethyl 
CH,-CH,-CH,- 
(iii) CH,-CH,-CH— n-Propyl 
Propane CH,-CH-CH, 
iso-Propyl 
—CH.-CH,-CH.-CH.- 
(iv) cien en ent n-Butyl 
n-Butane CH,-CH-CH.-CH, 
Sec. Butyl 
Р CH,-CH-CH,- 
(v) CH,-CH-CH, ——» CH, 
CH, iso-butyl 
iso-butane 
CH,-C-CH, 
CH, 


tertiary-butyl 


CH,-CH;-CH.-CH,-CH.- 


n-pentyl 
ET | 
(vi) CH,-CH-CH,-CH,-CH,— CH,-CH-CH,-CH,-CH, 
n-pentane active secondary amyl 
CH CH-GH, 
secondary amyl 
CH,-CH-CH,-CH,- 
CH, 
iso-pentyl 
| 
CH-C-CH,-CH, 
-H CH, 
(vi) CH,-CH-C H,-CH, tertiary-pentyl 
CH, 
iso-pentane сн H-CH.- 
CH, 
active amyl 
CH Сї I-cH- 
CH,CH, 
Active isosecondary amyl 
CH, CH, 
ee бин 
(viii) CH,-C-CH, —H 4 cH.-C-cH, 
|| 
CH, CH, 
neo-pentane neo-pentyl 


Alkenyl group : — 


alkene —7;,-» Alkenyl - 


(C,H;,) (C,H;, ,) 
CH, = CH - CH,= CH - CH;- CH, - CH = CH - 
Vinyl Allyl Propenyl( 1-propenyl) 


CH3 -C = CH; 
| 


Isopropenyl (1-methyl-1-ethenyl) 


Alkynyl group — 
alkyne ——у—> Alkynyl - 
(C,H;, ;) (C,H, 3) 
CH=C- CH = C - CH,- CH,-C#C- 
Ethynyl Propargyl (2-propynyl) Propynyl (1-propynyl) 
Alkylidene group — 


-2H 


alkane элә? Alkylidene - 


Alkylene group 


-2H 
————— r - 
alkane — — Alkylene 


Position of double bond : – 
In an unsaturated hydrocarbon if the position of double bond is on I*' or last carbon then it's prefix 
will be a (alpha) if it is on 2" carbon it is termed as В (Beta) & the y (gamma) & $ (delta) and so 
on. 

eg. H,C-CH-CH,-CH, а - butylene 
H,C - CH = CH - CH, В - butylene 
H,C- CH, – СН = CH, а - butylene 
H,C = CH - CH, or H,C - CH = CH, (Both are same positions, propylene) 
H4C-C- CH; 
Нз 
CH,-CH,-CH-CH-CH,-CH, y - hexylene 
CH,- CH,-CH,-CH-CH-CH,-CH,-CH, 
б - octylene 


Isobutylene 


COMMON - NAMING OF DIHALIDES 


(a) When two same halogen atoms are attached to the same carbon such compounds are called 
Gemdihalides. 
(b) Common names of such compounds are alkylidene halides 


I 
CH,-CH-CHC 
CH-CH ee | NI 
Cl CH, 
Ethylidene chloride Isobutylidene lodide 
" : à ^X 
Exception : Methylidene halide (wrong) CH,-CH-. X 


Methylene halide (right) 
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(c) When two same halogen atoms are attached to adjacent carbon, these are called as vicinal dihalides. 

Common names of such compounds are alkylene halide. 

a 
eg | CHs- (н = e Propylene lodide HC-C-CH2-CI Isobutylene chloride 
I I H4 

(d) When two same halogen atoms are attached at the two ends of a carbon chain its common naming 

will be polymethylene halide. 

‘poly’ word indicates the number of -CH,- groups. 

-CH, 2 3 4 5 6 


Poly di їп tetra penta Hexa 
CH2 - CH3 - CH3 T E сн; T CH? M CH; a uis 
е2. | 1 Вг Вг 
Trimethylene Iodide Pentamethylene Bromide 


Exception : – 
CH,- X dimethylenehalide (wrong) 


| 
CH,- X ethylene halide (right) 


COMMON - NAMING OF DI-HYDROXY COMPOUNDS 


(а) When two -OH groups are attached to adjacent carbon atoms they are termed as alkylene glycol. 


OH 
-~CH>-CH-CH | 
Sime i^ Fu Myr Miley 08 
Өн CH4 
Butylene glycol Active amylene glycol 


(b) When two —OH group are attached at the two ends of a carbon chain, these compounds are named 
as polymethylene glycol. 
Poly — Number of CH, groups. 


- CH3 os CH; = CH3 - CH; сн; € CH2 -CH2 x CH; = CH; -CH2 
OH OH ч " 
Tetra methylene glycol Hexamethylene glycol 


Exception : 
CH, – OH Dimethylene glycol (wrong) 


| 
CH, - OH Ethylene glycol (right) 


PROBLEMS 


Make the structure of following organic compounds - 
1. Isopropylidene Bromide — 2. Active amylene lodide 


3. Isobutylene glycol 4. Isobutylene 5. Trimethylene glycol 
ANSWERS 
| OH 
1. CH-C- i 2. СНз -C-CH2-1 3. CH, -Б-сн, -OH 4. H3C-C=CH, 5.СН2-СН;-Сн; 
[Br | | | 
CH, CH, - CH, н» H3 OH OH 


COMMON-NAMING OF THE FUNCTIONAL GROUP HAVING CARBON 


(Common naming for Hydrocarbon derivatives) 
Functional group] Sufix | 


-ic Acid 


-ic anhydride 


-ate 


-amide 


-yl halide 
-aldehyde 
-o-nitrile 
-o-isonitrile 
Prefix : — 
1 Carbon — Form- 2 Carbon — Acet- 
3 Carbon — Propion- 4 Carbon —  Butyr[; me. 


5 Carbon —> 


Normal- 


Valer i: 3C + (=) double bond = Acryl- 4 C + double bond = Croton- 
Tertiary- 


о | 
+... сњ --0-H 
Formaldehyde Acetic Acid 

i | 
сн, - CH, 5-е ева -NH3 
CH3 
Propionyl chloride Isobutyramide 
о 
Il 
CH;-C-H 
Acetaldehyde 


NOMENCLATURE OF ESTER 


о 
-b_o-r 


The group which is attached to the oxygen is written as alkyl & the remaining structure is named on 
the basis of Functional Group suffix. 


eg. (i) н-@-о-сн, (ii) CH,-O-U-H (iii) cH, -¢-0-H 
Methyl formate Methyl formate Acetic acid 
о о о 
| Il И Il 
(iv) CH, -C-O-CH, (у) CH3-C-O-CH,-CH, (vi) CH, - CH; -C- O- CH; - CH 
Methyl acetate Ethyl acetate Ethyl propionate 
о о 
(vii) CH2 2 CH- C- O- CH? -CH3 (viii) CH, -CH = CH - C -O- CH, 
Ethyl acrylate Methyl crotonate 


NOMENCLATURE OF ANHYDRIDE 


Rule : — Add the total number of carbon atoms & divide it by 2, the substract will give you the 
number of C - atom. Now name it according to suffix use for anhydride. 


Total 


v mim Substract 


= Number of C atom 
A Fu o о i & 
CH,-C-O-C-CH, C;H,-C-O-C-C,H, 
Acetic anhydride Propionic anhydride 


NIO 
Ш 
wea 
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If К +R’, You need not to find out substract. 


ME 
е. — CH,-C-0-C-CH, 


Acetic propionic anhydride (right) 
Propionic Acetic anhydride (wrong) 
Divide it in two parts as above & name it by suffixing ic anhydride (alphabatically) 


бо 
eg i T CH,-CH-C.. 
' . CH.-C-0-C-CII, cH-cu-c/9 
Lb gd 
CH, Oo 
Butyric propionic anhydride Isobutyric Secondary valeric anhydride 
0 
CH;-CH-C., 
CIL-CII-C^ 0 Acrylic anhydride 
: | 
SOLVED EXAMPLE 
Q.1 Which of the following is not a neo structure:— 
с N t IN 
(A) эы ааш (B) c-c-C -C-C (С) "E (D) c-c- C- C 
C с / C с / 
Ans. С 
Sol. A carbon must be attached with four carbons. 
9.2 Acryl aldehyde is - 
(A) A saturated aldehyde (B) An alkene 
(C) A polymer (D) An unsaturated aldehyde 


Ans. D 
Sol. СН, = СН ~ CHO unsaturated aldehyde. 


О.З Тһе common name of the compound СН; = СН- С -CH=CHp is- 


(A) Divinyl ketone (В) Diallyl ketone (C) Both A and B (D) None 
Ans. A 
Sol. СН, = СН ~ is called as vinyl group. 


Q.4 Common name of CH,-CH-CN is: 


(a) acrylonitrile (b) vinyl cyanide (c) allyl cyanide 
(A) a, b and d (B) a, and b (C) only b 
Ans. B 


Q.5 Тһе number of possible alkyl groups of iso octane are - 


(A) 1 (B) 3 (C) 5 
Ans. B 
CH, 
| 
Sol. CH, -C-CH, -CH-CH, 
CH, CH, 
1+1+1= 3 


Q.6 — Write the common names of the following compounds 


l. CH, - CH, - CN 2. CH4-CH-CH5;-I 3. 
H3 
4. CH3-CH-CH2-CH2-CI 5. CH, - CH; - CH- CH; - OH 6. 
H3 H3 
7. CH, = CH - SH 8. CH, -CH, -CH,-CH-NH, 9, 
CH; 
10. CH, -б-сн;-эн ll. CH -C- CH, 12. CH 
CH; н; 
ANSWERS 
1. Ethyl cyanide 2. Isobutyl Iodide 
3. Active amyl fluoride 4. Iso pentyl chloride 
5. Active amyl alcohol б, Tertiary hexyl amine 
7. Vinyl thio alcohol 8. Active secondary amyl amine 
9. Secondary amyl alcohol. 10. Neopentyl thio alcohol 
11. Isopropenyl amine 12. . Propargyl Bromide 


(d) allyl nitrile 
(D) a, b and c 


(D) 6 


CH; - CH; - CH- СН, -F 
| 


CH; 


CH; 
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| 
CH; - CH; - CH? - C - NH; 
| 


Сн» 


CH; - CH; - CH- OH 


CH, 


| 
CH3 
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Q.1 


QA 


Q3 


QA 


Q.5 


Q.6 


Q.7 


MCQ 
Which of the following are secondary radicals : 
(a) CH, -CH-C,H, (b) CH, -C-CH, (c)CH,-CH- (d) (CH,),CH- 
(A) a, b, c, (В) a, а, с (C) b, c, d (D) a, b, d 
Common name of the structure CH, -OH 
CH, -OH 
(A) Ethylene Glycol (B) Ethene dialcohol (С) Glycerol (D) Ethylene alcohol 


о 
I 
Common name of the compound СНз -СН;-С-МН› is- 
(A) Acctamide (B) Propionamide (C) Butyramide (D) Acetic amide 


The structure of 2—butenyl radical is : 


| 
(A) CH, -CH-C,H, (B) CH,-CH-CH-CH,- 
(C) CH; - CH; "кн (D) CH, =CH, -C-CH, 
Which one is structure of Maleic acid 
о 
Il 
wu Ж 
(А) MH (B) HO- CH - COOH 
p CH, -COOH 
о 
| 
HO- СН - СООН H-C-C-OH 
(C) | (D | 
HO -CH - COOH ss Nes 


Common name of the structure CH, ~C-O-CH =CH, is: 
о 
(A) vinyl acetate (B) acryle acetate (C) methyl acrylate (0) Vinyl ethanoate 


Which is the structural formula of isoprene 


CH, 
| 
(А) СН,-С=СН, (В) CH, =C-CH=CH, 
CH, 
CI 


| 
(C) CH, =C-CH=CH, (D) CH,-CH-CH-CH, 
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Q.8 The number of gem dihalides possible with the molecular formula C,H,X, and С,Н,Х, is given 
by the set : 


(A) 1, 2 (B) 2, 1 (O 2, 2 (D) 1, 1 


Q.9 Соттоп name of the compound C,H,CHO 


(A) Anisole (B) Benzaldehyde (С) Salicylaldehyde (р) None of these 

ANSWERS 
Q.D) ОА) Q.3B) Q4(B) Q.5(D) Q&A) Q.7(B) Q.8(A) Q.9(B) 
PROBLEMS 
Q.1 Write down the structures of the following - 

1. Diallyl amine 2. Tri methyl amine 

3. Di isobutyl ether 4. Di isopentyl ketone 

5. Di Active amyl amine 6. Di normal propyl ether 


7. Tri neopentyl amine 


Q.2 Write down the common names of the following : 


ds о 

|] 
1. CH3-C-N=C 2. сн, -cH-¢-cl 3. сњ -CH2 -сн-б-нн, 

CH; CH3 CH; 
Ans.(1) 1. CH,=CH-CH,-NH-CH,-CH=CH, 2. СНз - N- CH; 
Нз 
3.H4C - CH- CH; -0- CH; - CH- CH; 4.H4C - CH- CH; -CHz -C - CH; - CH; -CH- CH; 
H3 H3 H3 H3 


5. CH, -CH2-CH-CH2- NH-CH?-CH-CH?-CH; 6. CH,-CH,~ СН,-О-СН,-СН,- CH, 
Нз Нз 


CH; CH; 
7. CH; -б-сн, -м-сн,Їс-сн, 
Ha н CH, 
CH; -C- CH; 
CH, 


Ans. (2) 1. Tertiary valero-isonitrile 2. Isobutyryl chloride 3. Secondary Valer amide 
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DERIVED SYSTEM 


According to this system name to any compound is given according to the parent name of the 
homologous series. This system is reserved for the following nine homologous series. 


Name of Homologous series} Derived Name Structure of group 
| 


Methane 
Ethylene 
Acetylene 


Carbinol 


Acetaldehyde 


Alkanoic acid Acetic acid 


Alkanoyl halide Acetyl halide 


Acetamide 


Acetone 


Types of Ethylene:— (Symmetrical & Unsymmetrical) 

(a) Symmetrical : -In the given two alkyl groups one group is attached to the one carbon of ethylene 
& next on the next carbon. 

(b) Unsymmetrical : — When both the given groups are attached on the same carbon. 
Note : Symmetrical & Unsymmetrical : ~ Terms are used only when two alkyl groups are given. 


eg. 
Symmetrical dimethyl ethylene Unsymmetrical dimethyl ethylene 
b CH3 зы. с 
сн H сн н 
p c^ Symmetrical ethyl methyl. ethylene 
CHa4-CHZ CH3 
CH; CH3 
a б. Tri methyl ethylene 
сн; Hs Tetra methyl ethylene 


CH,-CsC-CH, Dimethyl acetylene 


PROBLEMS 


Write down the derived names of the following compounds 


І. CH, CH- CH, -C=#C-H 2 CH,-C-OH 


H CH, O 
b с - 6 
3. CH4 - CH; - C - OH 4. CH4-C - C-H 
H3 Нз 
у | р 
s. сн, - cH -¢ - Lu 6. mE d = он 
Нз CH; 
H H 
2 9 CH; = б-сн, 8. CH3 - CH2 - Д -CH3 
сњ бн, 
CH; CH, H 
9 cH, -6-сн, 10. сњ -6 = с-сн-сњ, 
CH; CH; H bu, 
ANSWERS 
1. Allyl acetylene 2. Tri methyl carbinol 
3. Ethyl methyl carbinol 4. Tri methyl acetaldehyde 
5. Ethyl methyl acetaldehyde 6. Di methyl acetic acid 
7. Tri methyl methane 8. Ethyl di methyl methane 


9. Tetra methyl methane 10. Tertiary butyl Isopropyl methane. 
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IUPAC NOMENCLATURE 


The name consists of three parts: 


Prefix - Word root + Suffix 
i i 
Secondary Primary [No. of carbon Primary Secondary 
[Details of [Nature of atoms in the [Nature of carbon [Details of 
substitutents] Carbon chain Principal chain] carbon bond] functional 
cyclic/acylic] group] 


Primary Prefix : It represents the nature of the principal / parent chain. 


Nature of chain Primary Prefix 


Acyclic / Non-cyclic 


Cyclic 


Bicyclic 
Tricyclic 
Spiro 


Secondary prefix : It represent substituents. 
Word root : It represents the number of carbon atoms in the principal / parent chain. 


о сс з-с U^ d» UN – 


Primary Suffix : It represents the nature of C-C bonds in the principal/ parent chain (whether 
single bond, double bond or triple bond). 


Saturated 
C-C single bond 


Nature of bond 


Unsaturated 

C=C bond ene 
C=C bond yne 
2C =C bonds diene 
2C =C bonds diyne 


С=С+С=С ene + yne = ©пупе 


* If secondary suffix starts from a vowel or y then the last *e' of first suffix is omitted. 
Secondary suffix : is used for functional groups. 


SATURATED UNBRANCHED HYDROCARBONS 


IUPAC name = Word Root + Primary Suffix 


e.g. 
CH, Meth + ane - Methane 
CH, - CH, Eth + ane - Ethane 
CH,-CH,-CH, Prop * ane - Propane 
> o" But + anc - Butanc 
POMS’ Pent + ane = Pentane 
POS OV Hex +ane = Hexane 
CH,(CH,),CH, Undee + ane = Undecane 
CH,(CH,),.CH, Triacont + ane = Triacontane 


SATURATED BRANCHED CHAIN HYDROCARBONS 
Principal / parent chain 


\|——>Branch / Substitutent 


Rules for naming Branches 
R-H —= R- 
Alkane Alkyl substituent 


(СН) (САН) 


e.g. 
Alkane Alkyl IUPAC names 
(1) CH, -CH 3 Methyl 


Q CH, „Ей; Ethyl 
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Naming of complex alkyl groups 
(i) Longest chain in a branch is selected starting from the same and where it originates from. 
(ii) Numbering is started from the originating end ofa branch. 


з) C,H, -CH,CH,CH, Propyl 
‚ Alb 
-CH 
1- Meth 
cH, yl ethyl 
4 3 2 1 
1 2 3 
o H-CH,-CH, 1-methyl propyl 
j^ 
323 1 2-meth ] 
H,C-CH-CH,- инче 
єн, 
нета 1,1-dimethylpropyl 
CH, 
iu 6n C 6n € 
(5) a r H-CH- — 45.4 trimethyl-pentyl 
н; H, 


SATURATED BRANCHED CHAIN HYDROCARBONS 
Rules 


(1) Longest chain rule : Select the longest possible carbon chain as the parent chain or principal 
carbon chain. All other carbon chains will be considered as side chain or substituents. 


Longest chain 
containing 
6 carbon atoms 


(2) If there is more than one longest chain possible then select the chain which contains maximum 
number of side chains 


C C 


| 
C-C-C-C-C didi ccm 
C-Cc 


Correct Incorrect 


(3) 


(а) 


(b) 


(c) 


(d) 
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Lowest set of locant rule : The number given to the side chain is locant. While numbering the 
parent chain, lowest set of locants rule needs to be followed. According to this rule, that set of 
locants will be considered which has got a lower number at the first point of difference. 
1=(2, 2,|3,|6, 8) <— Correct 
Il=(2, 2) 4; 4, 5) <— Incorrect 
First point of 
difference 


First set will be considered in this case. 


WADA 12 2,4,6-Trimethyldecane (Correct) 
3 5 


3,4,5-Trimethyldecane (correct) 


Side chains are always written in alphabetical order. 


3-Ethyl-2-methylpentane 


3-Ethyl-2, dimethyl hexane 


If lowest set of locants rule is not applicable then numbering is done according to alphabetical 
order. 


2 4 5 6 6 4 2 
1 Sen ui dad 
Locant-3, 5 (correct) Locant-3, $ (incorrect) 


If Di, tri, tetra etc. are part of name of complex name then they considered in alphabetical 


order. 
3/4 
Р 4-(1,1-Dimethyl)-3, 5-diethylheptane 
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bis , tris, tetrakis are used for complex alkyl substituents 


e.g. 


(1) 


Q) 


(3) 


(4) 


(5) 


(6) 


(7) 


> 


CHy-CH,-CH-CH,-CH, 
CH, 


2 3 
CHy-CH,-CH-CH,-CH, 
Сн, 

<CH,—CH, 


> uw» Ж 
CHy-CH,-CH-CH,-CH, 
H,C-CH-CH, 


:CH—CH, 

CH,-CH,-CH-CH,-CH, 
«CH—CH, 
CH, 


CH,-CH,-CH—CH-CH,-CH, 
CH, CH, 
CH, 


н, CH, 
ш 


1 2 3 | s 6 7 
CH,-CH-CH,—C—CH,-CH;-CH, 


| 
CH, CH 
HC cu, 


5-Ethyl-3,4-bis( 1-methylethyl)-2-methylheptane 


3-methylpentane 


3-ethylhexane 


3-ethyl-2-methylpentane 


3,3-diethyl-2,4-dimethyl-pentane 


2.2, 5-trimethylhexane 


3-Ethyl-4-methylhexane 


2-methyl-4-bis( 1 -methylethyl)heptane 


CH,-CH, 
(8) Cu,-Cu,-€H,—CH-CH-CH,-CH, 4-(1,1-dimethylethyl)-3-cthylheptane 
H,C-C-CH, 
CH, 


PROBLEMS 


Give IUPAC Name of following compounds : 


m ^ 
(1) a oup Q) | CH,-C—CH-CH;CH; 
CH; CH, CH;CH, 
(3) CH, =н —CH-CH; (4) (CH,CH,CH,), CH-CH,CH,CH, 
C,H; CH, ACH 
H,C CH, 
(5) CH, - CH - CH, ~ СН; 
| 
H,C-CH-CH-CH; -CH, 
| 
H4,C- CH -CH; 
C-H; CH, TA 
(6) CHCH, - CH — C — CH; - CH; - CH- CH;CH;CH; 
C(CH;); 
(7) (CH,CH,CH,),CH — CH -CH,CH,CH, 
CH(CH ;), 
CH, 
| 
H;,C-CH -CH —CH;CH;CH; 
(8) CH; -(CH;); -CH- CH; - CH - CH;CH;CH;CH,; 
| 
CH;CH; 
ANSWERS 
(1) 3.3-Dimethylpentane (2) 3-Ethyl-2,2-dimethylpentane 
(3) 3,4-Dimethylhexane (4) 4-(1-methylethyl) - 4 — Propyl heptane 


(5) 3-Ethyl-2,4,5-trimethylheptane (6) 4«(1,1-Dimethylethyl)-3-ethyl-4,7-dimethylhexane 
(7) 4-(1-Methylethyl)-5-propyloctane (8) 7-(1,2-Dimethylpentyl)-5-ethyl tridecane 
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UNBRANCHED UNSATURATED HYDROCARBON 


Numbering of carbon chain 
Rule-1 : If unsaturated bond is present in the molecule at the terminal carbon, then numbering done from the side 


of unsaturated carbon. 
1 2 3 4 

cg. CH, = CH - CH,- CH, But-1-ene 
1 2. 3 4 

eg. CH C- СН, – CH, But-1-ync 


Rule-2 : Ifunsaturated bonds like double bond and triple bond is present at terminal carbon, then numbering 
always done from double bonded terminal carbon. 
(Double bond preferred over triple bond when both bonds are at same position) 


1 2 3 4 
ер. CH, = CH - C «CH But-1-en-3-yne 


Rule-3 : Ifunsaturated bonds like double bond or triple bond is present at terminal carbon, then numbering is 
done from either way. 


І 2 з 4 

еВ. CH, = CH - CH = CH, But-1, 3-diene 
І 23 4 

еВ. CH, 2C - C =CH But-1, 3-diyne 


Rule-4 : If triple bond is present at terminal carbon and double bond is located at any carbon except other 
terminal carbon. Then numbering is done from triple bond. 


И к. Be 
CHzC-CH-CH ~ СН, Pent — 3 - еп ~ 1 —yne 


Rule-5 : If double bond is present at terminal carbon and triple bond is present at any other position except 
other terminal carbon, then numbering is done from double bonded terminal carbon. 


1 2 3. 4 3 
eg. CH, = CH- С=С - CH, Pent - | - en- 3 – yne 
MCQ 
Q.1 Correct IUPAC nomenclature ofthe given compound ^ Qu Sy, 
(A) Hexa-1, 5-dien-3-yne (B) Hex-3-yn-1, 5-diene 
(C) Hex diencyne (D) Hexeneyne 


Q.2  Whichisthecorrect order for numbering in the given compound. 
Z9 


2 4 4 2 2 2 
(A) ee, (B) ge ee, (C) Lidia ii - (D) alor id 


О.З  Wrtecorrect IUPAC name for given compound. 


(A)Hexa-2,4-diyne (B)But-2,4-diyne  (C)Pent-2,4-diyne (D) Tetra-2, 4-diyne 
Q.4  Whichiscorrect structure for penta- 1, 4-diyne 
(А) #77 (В) z^ (Om (0) 22 


ANSWERS 
Q.1(A) Q2(A) Q3(A) QA4(A) 
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BRANCHED UNSATURATED HYDROCARBON 
Longest chain : 


Rule-1 : If unsaturated bonds like double bond or triple bond is present in the molecule, then that parent chain 
is considered which is containing unsaturated bonds like double bond or triple bond. 


7 6 5 4 3 2 | | 
eg. CH, - CH, - CH, - CH. - CH - CH = CH, —> Parent chain 
CH, - CH, - CH, 


6 5 4 3 2 1 
н ыа 


е 
е CH, - CH, - CH, 


Rule-2 : A primary suffix is added to the word root to indicate presence at double or triple bond in the parent 
chain. 
For one double bond = Word root + locant + ene 
For one triple bond = Word root + locant + yne 


In case the parent chain contains two or more double bonds, the prefixes di, tri, tetra, etc. are used 
before primary suffix. 


For two double bonds = Word root + locant + diene 
For two triple bonds = Word root + locant + diyne 


Numbering of carbon chain : 
Rule-1 : In branched alkene, select that parent chain which is containing maximum unsaturated double bond or 
triple bond and follow properly of lowest locant rule. 


l 2 CH, CH 
— | 2 3 В" | hd 
eg. eg. C5 - CH=C-CH- H - CH, СН, 
Cyclohexyl eth -1-ene 4, 6-dimethyl hept-2-ene 
L 2 3 2 1 
С=сн CH, - CH = CH, 
Wu ux wes ws M 3$ 5 
eg. eg, CH, - CH, - CH, - CH, - C = CH - CH, 
Cyclohexyl eth -1-yne 4-Butylhexa-1 -4-dicnc 


Rule-2 : In branched alkene, if unsaturated double bond or triple bond is present in the cyclic ring, then 
numbering is done from double bonded carbon of the cyclic ring and follow lowest locant rule properly. 


a 
cor - CH, 
4 
eg. Y = 


| -cthyl cyclohex- 1-спе 
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MCQ 


Q.1 


Q2 


Q.3 


QA 


Which is the correct way of number in the given compound. 


о 140 
1 
(i. = (G4 A 


3 5 2 1 


Which is the correct structure for given IUPAC name 
на Pent-2-en-1-al 
H 


H 
"wo 


Which is the correct structure for given IUPAC name. 
7-ethyl-2, 4, 5, 6-tetramethyl deca-1,8-diene 


a ^v eY ҮЛҮ 
(x Y 


va 


(C) 


The IPUAC name of O is 


(A) 3-methyl cyclohexene (B) I-methyl cyclohex-2-ene 
(C) 6-methyl cyclohexene (D) I-methyl cyclohex-5-ene 


Q.5 


Q.6 


Which is correct match. 
IUPAC Name 


ZA 


(D) | 


Which is incorrect match in the following- 


Structure 


B 
e 


"nd 
(D) 


Q.I (A) 0.2(А) Q(A) 


Structure 


2+(2'-chloropropyl) hexa—1 ,3,5—triene 


3, 7- dimethyl hepta-1, 3-6-triene 


3, 4-dimethyl pent-1—cen-2-ol 


3-methy cyclopent-1—yne 


IUPAC NAME 


Octa -1— en-4-yne 


4-Ethyl -2-Cyclopropylhex-1—ene 


3, 3-dimethyl pent- 1 —n—4—-yne 


2-methyl-3-ethenyl cyclohexa-1, 3-diene 


ANSWERS 


QA (A) 


Q.5(A) | Q.6(D) 
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IUPAC NAMING OF ORGANIC COMPOUND CONTAINING FUNCTIONAL GROUPS 
In IUPAC nomenclature functional groups are categorized into two type. 
Typel : Groups of this type are not considered as functional groups in IUPAC nomenclature. They are considered 


as substituents & therefore represented by prefix. type I functional group & their prefix are shown 
below: 


Rules for their nomenclature : 


Rule : If two substituents are present on same position from different ends, then priority is decided on the basis 


of alphabetical order. 
5 E 3 2 1 
CH, - CH, - CH, - CH, – P 
CI Br 


Rule II : If multiple bond and type | functional group both are present, the priority is given to multiple bond. 


i. @ 3 4 5 
H,C - CH = СН - CH - СН, – CI 


Rule III : These groups are written is alphabetical order in IUPAC name. 


eg. (i) CH, - CH, - Сн, -ён- CH, 2-fluoropentane 
: 
F 

(ii) H,C- on -CH,-CH,-CH-CI 5-chloro-2-fluoroheptane 
сн, 
n, 

F 

(ш ^ Hj,C-CH,- би -CH,- С H-CI 3-chloro-5-fluoroheptane 

CH 


(iv) 


(v) 


(vi) 


(vii) 
(viii) 
(ix) 


(x) 


Epoxides : 
(1) 


Q) 


(3) 


(4) 


HC-CH ~CH=CH=CH, 
CH, NO, CH, 
| 


CH, CH, 


CH,-CH,-CH-CH,-C-CH,-CH, 


NO I CH, 


HC-CH-C-CH,- CH,- C 
| 

CI CH, 
H,C- CH, -O- CH, - CH, 


H,C- CH,-CH -O- CH, - CH, - CH, 
CH, 


H,C- CH,-CH-O- CH-CH, 
CH, Сн, 


CH,- CH -CH, 
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3, 5-dimethyl-4-nitro heptane 


2-ethyl-4-iodo-6-nitroso һех-1-епе 


I -chloro-3-chloroethylbuta-] , 3-diene 


ethoxy ethane 
I-ethoxy propane 


2-propoxy butane 


2-(methyl ethoxy) butane or 2-isopropoxy butane 


1, 2-epoxy propane 


3, 4-epoxy heptane 


2-chloro-5, 6-epoxy octane 


1, 3-epoxy propane 


2, 4-cpoxy-3-methyl pentane 


Туре-11 : Groups of this type are treated as functional groups and represented by suffix in IUPAC nomenclature, 
Priority table for functional group. 
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Functionalgroup | Name | Sufis | Pres 
о 


Carboxylic acid oic acid 


Sulphonic acid sulphonic acid 
Acid anhydride oic anhydride 


Ester oate (alkyl+w.r.+oate) | Alkoxy carbonyl 


Acid chloride Chlorocarbonyl 
Carbamoyl 


Cyano 


Isocyano 


oxo / formyl 


Oxo/Keto 


Hydroxy 
Mercapto 


Amino 


Note : Double bond & triple bond are not true functional groups. 
w.r. — Word Root 
Rule for their nomenclature : 


(1) — Selection of parent 'C' chain : longest possible 'C' chain with functional group and having maximum 
number of multiple bonds is selected as parent 'C' chain. 


айы 
OOH 


(2) 
(a) 


(b) 


H-CH,-CH,-CH, 
OOH 


Numbering: 
Numbering starts from the side of functional group for numbering priority order is given below : 
Functional group > Multiple bonds > Substituents 

If chain ending 'C' containing functional group is present then numbering starts from the 'C' of functional 
group these functional groups are known as DON category functional groups functional groups of this 
category are shown below : 


- COOH 
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CH,- CH, 
H, X OH 


- COCI 


Rule 3: 'e' of primary suffix is dropped if secondary suffix starts from a vowel. 
Example of compounds having don category functional groups : 


(i) 
(i) 


(ui) 


(iv) 


(v) 


(vi) 


(vii) 


бї 


CH, - CH, - CH, - COOH 
CH, -CH-CH, - CH, 


| 
COOH 


| 
CH, -CH, -C-CH, -CH, -C-CI 


CHO 

| 

CHO 

NC - CH, - CH, - CH, 


О 
| 


| 
сн,-сн-сн-С-а 


Cl-H,C-H,C-CH, 


о 


Butanoic acid 
2-methyl butanoic acid 


4-ethyl pent-4-en- 1 -oylchloride 


butane nitrile 


3-ethenyl hex-5-en-1 -amide 


2-(3-chloropropyl) but-3-cn-1-oyl chloride 
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1 
R-C-O-=R 
Ester : жй e 
alkanoate alkyl 
— alkyl alkanoate 
e.g. 
о 
| ; 
(i) CH,-C-O + CH, Methyl cthanoate 
ji 
(ii) H-C-0O-CH,-CH, ethyl methanoate 
| 
qi) CH,- T -CH,-C-O-CH, methyl-4-chloro-3-methyl butanoate 
CH, - CI 
\ 
()  CI-CH,}0-C-CH, chloromethylethanoate 
(v) H,COOCCH, methyl ethanoate 
Т 
| 
e H,;-C-0-CH, 
(vi) H,C-H,C-CH-C-O-CH, methyl-2-ethyl butane-1 , 4-dioate. 
1 2 Y 3 
о 


Anhydride : Nomenclature of anhydride is done оп the basis of the carboxylic acid from which it is obtained. 


i E CH,-C Ж. 
CH-C-OH+CH,-c-oH #9 20 
T CH-C 
ll 
О 
ethanoic acid ethanoic anhydride 
О 
| 9 
CH- H0, CH,-C-OH + CH, -CH,- C - OH 


о 
H.C-CH,-Cc— 
| 


о 
ethanoic propanoic anhydride 


| 
о 


| 
CH,-C 
So butancdioic anhydride 
CH, с ре 
о 
О 
I 
(v^ Benzene carboxylic 
О : v 
T—. propanoic anhydride 
| 
о 
| 
C Benzene carboxylic-3-phenyl 
о propanoic anhydride 
с^ 
Ө 
о 
i 
Orn Benzene carboxylic anhydride 
O 
c^ 
1 
о 
О 
| 
ON 
О Benzene carboxylic cyclohe 
c^ carbocyclic anhydride 
| 
OQ 4 
Example of compounds having functional group other than DON category : 
OH 
H,C-CH; -CH, -CH, 
Г 
CH,= CH-CH,-CH-CH-CH, 3-butyl hex-5-en-2-ol 


| 
H,C-H,C-H,C-CH, 
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SH 
3. Bc -C-CH,- CH, 2-methylpent-l-ene—-3-thiol 
CH, 
Mc 
CH,- i - SO,H heptane-2, 5—disulphonic acid 
4 CH, - CH - SO,H 
Et 
| 
CH,-CH = СН- T - CH, - C- CH,-CH, 5-methylene oct-6-en—3—one 


CH, 


6. CO. H 3-(I-methyl butyl) pent-3-ene-1—-sulphonic acid 


3 


* "m 3-ethylhexan-2-amine 


NH, 
CH,- CH, - CH - CH, - CH, 
8. | N-ethyl pentan-3-amine 
NH-CH,-CH, 
^X. ^ N-Chloromethyl-N-methyl pentan-2-amine 
9 
CI 


POLYFUNCTIONAL COMPOUNDS 


Rule-l : If more than one functional groups are present then one is selected as principal functional group and 
represented by suffix. Other functional groups are treated as substituents & represented by prefix. 


Selection of principal functional group is done according to priority table 


О 
j 
i HS- CH, -CH -C- OH (3-mercapto-2-methylpropanoic acid) 
| 
CH, 
O 
2. A chloromethanoylchloride 
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о 
Pr amino methanomide (Urea) 
HN NH, 


CN CN 
2-cthenyl-2-isocyano propanc-1 ,3-dinitrite 
| CN 


о 
J 3-oxo pentanal 
| 


О 
о 
HO 2-hydroxy-3-oxo pentanoic acid 
H 
O 
О 
NH, . . 
NH. 2-amino ethanomide 


Кше-11 : When principal group is selected then there is no use of priority table. 


COOH 

H-C- OH 3—amino-2-hydroxy butane — 1, 4—dioic acid (Incorrect) 
| 

H- n NH, 2 — amino – 3- hydroxybutane –1, 4-dioic acid (Correct) 
COOH 


Rule-Ill : If any DON functional group is present as sec. functional group then its 'с is not included in principal 


'c' chain except -CHO group. 


О 
NC -HH.C - H.C - C|- OH 3-cyanopropanoic acid 


CH,-C-Cl 3-Chloro carbonylpropanoic acid 
| 
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12. 


Н.М. 20 
L Carbamoyl methanoyl chloride 
S 
CI О 
2 
н, 


3-ЕћуЇреп-4-уп-1 -amide 
о 


Rule-IV : As secondary functional group, if'C' of -CHO group is included in percent 'с' chain then oxo is used 


as prefix, otherwise we use formyl group as prefix. 


" сн, -CH, At on 4-oxobutanoic acid 
Н ~ c - CH, - CONH, 2-formyl butane-1, 4-diamide 
бн, - CONH, 
О 
бы | ~€H,—C-CH,- i -H 3, 5-dioxopentanoyl chloride 


IUPAC nomenclature if DON category functional group is present as principal functional group 
& its 'c' is not included in parent 'c' chain > 


Carboxylic acid 


Carboxylic anhydride 


Carboxylate 
Carbonyl chloride 
Carboxamide 
Carbonitrile 
Carbaldehyde 


OOH 
Cyclohexane carboxylic acid 
COOH 
ОТ Benzene carboxylic acid 


CH,- CHO 
| 

CH, - CHO 
CH, - CHO 


Propane-1, 2, 3-tricarbadehyde 


Ans. 


Sol. 


0.2 


Ans. 
Sol. 


Q.3 


Ans. 


CH, - COOH 
| 
M -CH,-COO0H 3-Carboxymcethyl pentanc-1, 5-dioic acid 
CH, - COOH 
О 
| 
a 
ее, Cyclohexane-1, 2-dicarboxylic anhydride 
| 


SOLVED EXAMPLES 


The correct IUPAC name of the following compound is 
O-CH-CH;-CH-CHO 
| 


H-C=0 
(A) I, I-diformyl propanal (B) 3- formy butancdial 
(C) 2-formyl butanedial (D) 1,1,2-ethane tricarbaldehyde 


D 


2 1 
The principal functional group is- CHO. О = CH - CH, -CH - CHO 


CHO 
1, 1, 2 - Ethanetricarbaldehyde 


The correct IUPAC name of compound CH, —CH, = — CH-CHO is: 
| 1 


O CN 
(A) 2-cyano-3-oxopentanal (B) 2-formyl-3-oxopentanenitrile 
(C) 2-cyano-1, 3-pentanediaone (D) 1, 3-dioxo-2-cyanopentane 


35 


Here the main functional group is -CN, which had nitrile suffix and CHO and CO are taken as substituents. 


5 4 3 2 
CH;,-CH,;-C— СН -CHO (2-formyl-3-oxopentanenitrile) 
ТИШ. 
о 'CN 
The IUPAC name of compound HO- C- О CH; is 
CH;-C=C— C-H 
| 
NH, CI 
(A) 2-amino-3-chloro-2-methyl-2-pentenoic acid 
(B) 3-amino-4-chloro-2-methyl-2-pentenoic acid 
(C) 4-amino-3-chloro-2-methyl-2-pentenoic acid 


(D) none of these 
B 
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Sol. The principal functional group is carboxylic acid (-COOH) 
HO-'c-O *CH; 
CH, - ^36 — ‘C-H 
NH, CI 
3-amino- 4 -chloro - 2 - methyl - 2 - pentenoic acid 
о 
y 
Q.4 IUPAC name of compound CH,CH,0CCH,CH,CH, is 
(A) Propyl propanoate (B) Ethyl butanoate 
(C) Propyl butanoate (D) Ethyl propanoate 
Ans. B 
ї- 3 4 
MCQ 
Q.1 The IUPAC name of the compound having structure CICH,-CH,-COOH is: 
(A) 3-Chloro propanoic acid (B) 2-Chloro propanoic acid 
(C) 2-Chloro ethanoic acid (D) Chloro succinic acid 
OH 
| 
0.2 The IUPAC Name of compound CH ; -C- CH, - OH is: 
i 2 
CH, 
(A) 2-Methyl-1, 2-propanediol (В) Isobutylene glycol 
(C) 1-2-Dihydroxy-2-Methyl propane (D) 2-Hydroxy methyl-2-propanol 
ret 
О.З The IUPAC name of CH, - CH—C - CH, - СН,ОН is- 
(A) 1-Hydroxy-4-methyl-3-pentanone (B) 2-Methyl-5-hydoxy-3-pentanone 
(C) 4-Methyl-3-oxo-1-pentanol (D) Hexanol-1-one-3 
С l 
CH H.C H.C Br 
Q4 IUPAC name of CH n d “on CO >: сай 
CH, 
(A)2-Chloro-3-methyl-7-bromo heptane (В) 7- Bromo-2-chloro-3-mcethyl heptane 
(С) I-Bromo-5-methyl-6-chloroheptane (0) I-Bromo-6-chloro-5-methyl heptane 
Q5 IUPAC name of CH,-CH-CH,-Clis : 


(A) Allyl cloride (B) I-Chloro-3-propene 
(C) 3-Chloro-1-propene (D) Vinyl chloride 


Q.6 


ол 


Q.8 


Q.9 


Q.10 


Q.12 


Q.13 


The correct IUPAC name for CH,CH-C(COOH)CH,CH, is : 
(A) 3-Carboxy-2-pentene (B) 2-Ethylidene butanoic acid 
(C) 2-Ethyl-2-butenoic acid (D) 3-Ethyl-2-buten-4-oic acid 
The number of carbon atoms in the principal chain of the given compound are : 
CH; — CH; а, CH; vig COOH 
OHC-C- CH; -CH,; 


(A)7 (B)5 (C)4 (D)6 
The IUPAC name of CH,-CH,-NH-CH, is : 
(A) Methyl ethyl amine (B) I-methyl ethan amine 
(C) N-methyl ethan amine (D) N-ethyl methanamine 
The name for the structure 2 Е -CI 
о 
(A) Cyclo hexanoyl chloride (B) Cyclohexane carbonyl chloride 
(C) 1-Chloro cyclohexanal (D) Chloro cyclohexyl methanal 


3-Methyl-2-pentanone is : 


Ps 
(^) CH, -C- CH - CH, - CH, (B) CH, -CH - CH; -COOH 
T CH, 
11 
(©) CH, -CH-C-CH,-CH, (D) CH,-CH,-CH-CH, 
CH, 


The name of CIH,C - C = C- СН ,СІ according to IUPAC nomenclature system is : 
I l 


Br Br 
(A)2, 3-Dibromo-1,4-dichloro-2-butene (В) 1,4-Dichloro-2,3-dibromobutene-2 
(C) Dichloro dibromo butene (D) Dichloro dibromo butene 


The systematic IUPAC name for CH, – C- МН, and CH, ~ E Cl are: 
Y 


о 
(A) I-Amino-1-oxo ethane, 1-chloro ethanal (B) 1-Атопо ethanal, acetoy chloride 
(C) I-Oxoethanamine, ethanoyl chloride (D) Ethanamide, Ethanoyl chloride 


The IUPAC name ofthe compound CH, - C - CH - C- NH, is: 
| ) Y 
NH, OCH, O 
(А) 4-Amido-2-methoxy-1 -amino-2-butene 
(B) 4-Amino-3-methoxy-2-butenamide 
(C) 2-Methoxy-1, 4-diamino-2-butenal 
(D)I-Amino-2-methoxy-3-amido propene 
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H 
| 

Q.14 The correct name for [ > C-Ois: 
OH 


(A) 2-Hydroxy cyclopentanal (В) 2-Formyl-1-hydroxy cyclopentane 
(С) 2-Hydroxy cyclopentane carbaldehyde (D) Cyclopentane-2-ol-1-al 


Q.15 The IUPAC name of CI - C- OC;H, is: 
Y 


о 

(А) Ethoxy formyl chloride (B) Ethoxy methanoy] chloride 

(C) Ethyl chloro methanoate (D) Ethoxy carbonyl chloride 
Q.16 IUPAC name of CH, -CH-CH,-CH-CH, is: 

| | 
CH, CN 

(A) 2-cyano-3-methyl hexane (B) 3-methyl-5-ctabigexabe 

(C) 2-4-Dimethyl pentanenitrile (D) 2-cyano-3-methylhexane 

HO 
Q.17 44 has the IUPAC name : 

(A)3,4-Dimethyl-1-penten-3-ol (B)Isopropyl-3-methy vinyl carbinol 

(C) 2.3- Dimethyl-4-penten-3-ol (D) None of the above 


Q.18 Which of the following compound has wrong IUPAC пате? 


(A) CH,CH, - CH,COO - CH,CH, (B) CH, -CH - CH, - CHO 
{Ethyl butanoate) CH ^ 


(3 — Methylbutanal) 


(C) CH; -CH-CH-CH, (D) CH; -CH-C-CH, -CH, 
OH CH, CH, O 
(2- Methyl – 3 — butanol) (2 – Methyl — 3 – pentanone) 
9.19 The IUPAC name of the compound - is: 
(A) 1, I-dimethyl-3-cyclohexanol (B) 1, I-dimethyl-3-hydroxy cyclohexane 
(С) 3, 3-dimethyl-1 -cyclohexanol (D)3, 3-dimethyl-1-hydroxy cyclohexane 
CI 
Q.20 TheIUPAC name ofthe compound is 
Br 
(A) 6-bromo-2-—chlorocyclohexene (B) 3-bromo-1-chlorocyclohexene 
(C) 1-bromo-3-chlorocyclohexene (D) 2-bromo-6-chlorocyclohex- 1 -ene 
ANSWERS 


Q.1(A) Q2(A) Q3(A) Q4(D) Q.5(C) Q.6(C) Q.7(B) Q.8(C) Q9 (B) Q.10 (A) Q.11 (A) 
Q.12(D) Q.13 (B) Q.I4(C) 0.15 (С) Q.I6(C) Q.17(A) Q.18(C) Q.I9(C) Q.20(B) 
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NOMENCLATURE OF ALICYCLIC COMPOUNDS 


(A) 


(B) 


Unsubstituted cyclo compounds : Prefix + word root + suffix 
Cyclo + no. of C + ane/ ene 


nm: /\ ГС Q 


Cyclopropane Cyclobutane Cyclohexene 


Substituted cyclic compound (closed +open chain saturated) 
Rule : 
(i) If number of carbons in closed chain > no. of carbons in open saturated chain, then closed chain 
will be selected as parent chain. 
T мд МУ 
Ехатр!е: /\ ү /777*(Саоп of closed 
3 2 4—5 сһаіп) 


l-methyl cyclo propane Propyl cyclo pentane 


3 2 
4 
$ 


l-(2-methyl propyl) cyclohexane —  j.(1-methyl butyl)-2-methyl cyclohexane 
(ii) If number of carbons in open chain > closed chain => Open chain is parent chain 


3 
l > 4 
Behe? " 
5 6 
| 


-cyclobutyl pentane 
2-cyclopentyl-4-methyl hexane 


4 
| -ethyl-2-methyl cyclobutane 3-ethyl- 1.1 -dimethyl cyclopentane 
Rule : 
Cyclic compounds with functional group is considered as parent chain : 
сооп 
(i) Cyclopropane carboxylic acid 
COOH 
COOH 


Cyclohexane-1 ,2-dicarboxylic acid 


40 


2...3 
CH,COOH 
CY Cyclohexyl ethanoic acid 


— If FG (-COOH) present on both cyclic and non-cyclic then number of carbon atoms is considered. 


COOH. | » , ,CH,COOH 
TX 


5 
3-carboxymethyl cyclohexane carboxylic acid cyclopentyl cyclohexane 


3-cyclahexyl cyclopentune amine 


If unsaturation (Multiple bond) present 


Rule : 
Chain containing multiple bond is selected as parent chain 


1 1 


ax 


3 


3-butyl cyclopropene 1 -cyclopentyl ethene 3-cyclopentyl but-] -ene 
If ring and non-cyclic side chain both containing double bond then check the number of C atoms and 
given parent chain. 
' y 
3 
AWAY 
1 2 


3-(prop-2-enyl) cyclo репї-1-епе 


Number of double bond is considered while selecting parent chain 
£z А 3 
4 1 EN EN 4 
3 = 
| -(cyclopent-2-enyl) buta-1,3-diene 
In case of more than one multiple bond use suffix ‘a’ after word root. 


4 


5 
1 


6 
5-propyl cyclohexa-1, 3-йїспс 


Qe) 


(Parent chain) 
Cyclobutyl cyclohexane carboxylate 
ji 
— C-CH.CH, 
Cyclohexyl ethane carboxylate 


~C-NH, -> Carboxamide 


О 
II 
eg. CM C- NH, -> Cyclohexane carboxamide 
eg ©з ми СН, > N-Cyclohexyl ethanamide 


о 
5 


4 
OX ——» 3-Cyclohexyl cyclopentanol 
1 
2 
OH 


— Methylene cyclohexane 


NOMENCLATURE OF BICYCLO COMPOUNDS 
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Bicyclo compounds : If two rings are fused at two common carbon atoms then compound are known as 


bicyclic compound. 
Bridge head 


Bridge | idge р 
+ * 
CY 


A Bridge head 


Two common carbon Bridge should be present 


@) Unsubstituted bicyclo compounds 


Prefix + Numbering of 
Bicyclo carbon atoms in 
each bridge in 


decreasing order 


+ Suffix 
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oe 


Biyclo (4.4.0) decane 
(Bridge head C not considered) 


"qp Bicyclo [2.2.0] Hexane «(> Bicyclo [2,1,1] Hexane 
eg. aad Bicyclo [3,2,0] Heptane 


(ii) Substituted bicyclo (Bicyclo with subtitution or functional group) 
In substituted bicyclic compounds numbering starts from a bridge head carbon atom and proceeds 
towards longest bridge then smaller bridge & then smallest bridge. 


6 2-Cl 
2-Chloro bicylo [2.2.1] heptane 
5 
3 


4 


1 
2 6 
bicylo [2.2.1] heptanc—7-carboxylic acid 
CB. 3 5 
4 


eg. <)> Bicyclo [2.1.1] hexane 


4 


1 
& $a > e КТ à 
оС De Bicyclo [2.1.1] hexane-5-carboxylic acid 
4 


$ 
HOOC 9 
» |! EG. is preffered over double bond. 
L8 Bicyclo [3.2.2] dec-9-en-carboxylic acid 
І 


Bicyclo [3.2.2] n00-8-ene-6-carboxylie acid 


NOMENCLATURE OF SPIRO COMPOUNDS 
Spiro comp. - Two cyclic rings are fused at one common carbon (only one bridge head) 


Spiro 


spiro carbon 
a Q 


Name : Prefix + no. of carbon in bridges in increasing order + suffix 


Spiro [2. 4] heptane 


Cx] Spiro [2.3] hexane 
eg 


Spiro 


Spiro [4. 5] decane 
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Rule for numbering : - In spiro compounds numbering starts from carbon of smaller ring which is next to spiro 
carbon proceeds towards other carbon atoms of smaller ring then towards larger ring via spiro carbon 


atom. 


: 


eg. 


g< 
(1) 


Cyclopropyl cyclohexane 


3 
me 
(3) } ~COOH 


2-Chloro cyclopentane carboxylic acid 


5 Spiro [2.3] hexane-4-carboxylic acid 


Spiro [4.5] dec-7-en-1-ol 


6-amino spiro [2, 4] heptane-4-carboxylic acid 


2 
(2) i 
COOH 
Cyclohex-2-ene-1 carboxylic acid 


7 


c 


cr 
(4) 


5 
Cyclopent-3-ene-1 -carboxamide 
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" 3 
(5) [ J^ (6) er 


2-cyclopropyl cyclopropane 
Cyclopropy! cyclohexane carboxylic acid 
i2 
ZA. LO 
4 3 


$ 65 NH, 


3-(6-amino cyclohex-2-enyl) 
cyclopentane carboxylic acid 


4 2 
CY Y^ 
3 COOH 
(9) (10) 


(7) (8) 


4-Cyclopentyl butanoic acid 
3 1 
PA 
2 
(11) (12) 
1-eyclobutyl-2-chloro 
3-cyclohexyl prop-1-ene cyclopentanc 


(13) 


(14) 


3-butyl cyclopropene 1, 2, 3-tricyclo propyl cyclopropane 


2 l HO 
(15) 


4—5 (17) 


(16) 3 4 
2-cyclopentyl cyclo pentanone Cyclobut-2-ene-carbaldehyde 
Cyclohexane-1, 3, 5-trionc 


Rule : - If more than one functional group is present at cyclic chain, then principal function group (PFG) is 
selected 


1 
3 
cg CHO eg 


2-formyl cyclobutane carboxylic acid 3-oxo cyclohexane carbaldehyde 
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PROBLEMS 


Write the IUPAC Nomenclature of following compounds : 


sD „д 
о 


COOH 


Cp 00 
Qe Aye ж 
х 


(2) 


(10) „л, (12) ios 
H.C NH, 


CHO 


9 
£ 


COOH 


Qe o. bg ah 
gH eme 


COOH 
HO 
an 7 (18) 019) со 
тщ CHO b 
ANSWER 

(1)  bicyclo [4.2.0] octane (2) . bicyclo [4.3.0] non-7-ene 
(3)  bicyclo [4.3.0] nonanc-2-carbox ylic acid (4) bicyclo [4.2.0] octane—7—one 
(5)  bicyclo [2.2.2] octane-2-carbnitrile (6) ^ bicyclo [2.2.1] heptane-7- carboxylic acid 
(7)  spiro [2.2.0] penta-1, 4-diene (8) spiro [4.5] decan-1—one 
(9)  spiro[2.3] hexane (10) — 5-formyl spiro [3.3] heptane-1 -carboxylic acid 
(11) 8-охо bicyclo [4.2.0] octane-2-carboxylic acid (12)  8-methyl spiro [4.5] decan-1-amine 
(13) I-chloro spiro [5.5] undecane (14)  4-chloro spiro [4.4] nonan-1-ol 


(15) 1-hydroxy spiro [2.5] octane-4-carboxylic acid (16) spiro [2.5] octan-1—one 

(17) bicyclo [3.2.0] hept-6—ene-2-carboxamide 

(18) 7-oxo spiro [4.4] nonane-1-carbaldehyde (19)  spiro [2.5] octane-1-carbaldehyde 
(20) bicyclo [2.2.0] hexan-2-one 


ISOMERISM 


INTRODUCTION 


() 


(ii) 
(ш) 


The compound which have the same molecular formula but differ in physical and chemical properties are 
called as Isomer and the phenomenon is called Isomerism. 

The term ‘isomer’ was given by Berzellius. 

The isomer was derived from Greek word meaning ‘equal or like part’ (isos= equal; meros = parts) 


Isomerism 
Structural Isomerism Stereoisomerism 

Chain isomerism 
Position isomerism , 2 

"e i Configurational Conformational 
Ring chain isomerism 
Functional isomerism 
Metamerism 

idi Geometrical Optical 
Tautomerism Isomerism Isomerism 


(I) STRUCTURAL ISOMERISM / CONSTITUTIONAL ISOMERISM 


(i) 


Structural isomers possess the same molecular formula but different connectivity of atoms. The term 
constitutional isomerism is a more modem term of structural isomerism. It is sub-classified into 
following types. 


Chain Isomerism : 
The different arrangement of carbon atoms gives rise to chain isomerism. Chain isomers possess different 
lengths of carbon chains (straight or branched). Such isomerism is shown by each and every family of 
organic compounds. 


Butane : CH, 
CH, - CH,- CH,- CH, n- butane 
CH3-CH-CH; iso butane 
он, 


n-butane has the chain of four carbon while isobutane has three in carbon chain. Hence they аге 
chain isomers. 


Butyl alcohol : C,H,OH 


CH, - CH, - CH,- CH,OH n-Butyl alcohol 
CH3-CH-CH20H Isobutyl alcohol 
H3 


These two butyl alcohols are chain isomers. 


mar 5 


(ii) 


(iii) 


(iv) 


Position Isomerism 


Position isomerism is shown by the compounds in which there is difference in the position of 
functional group, multiple bond or substituent along the same chain length of carbon atoms 

To show position isomerism following conditions must be followed 

(i) The same molecular formula 

(ii) The same length of carbon chain 


(iii) The same functional group. 
Example : 
(a) CH,-CH,-CH,Cl and А-ай: 
CI 
1- Chloropropane 2- Chloropropane 
(b) CH,- CH, - CH,OH and il úa 
OH 
1 -propanol 2 -Propanol 


Ring chain isomerism 


Such isomerism arises because of the difference of carbon-chain or ring. 
For example : 


@ /\ CH,CH-CH, 


Cyclopropane Propene 


Cyclopropane and propene are ring chain isomers. 


(i) — CH,-CH,-CH-CH, || 


Cyclobutane 
Cyclobutane is the ring-chain isomer of |-butene. 
Note: Acyclic Alkanes do not exhibit ring-chain isomerism. 


Functional group isomerism 
Compounds with the same molecular formula but differing in the type of functional group they possess 
are classed as functional isomers and isomerism between them is known as functional isomerism. For 


example: 
CH, - CH, - OH and  CH,-O- CH, 
Ethyl alcohol Dimethyl ether 
(Alcohol) (Ether) 


ll 
CH,-CH,-COOH and | CH4-C-O-CH, 
Propanoic acid Methyl acetate 
(Acid) (Ester) 


OH H 
and 
Phenol Alcohol 
CH,CH,NH, , (CH,CH,),NH , (CH,CH,),N 
(1°—amine) (2°-amine) (3°-amine) 
| ion 

CH,CH,-C-NH, , CH,- CH.-C-NH * CH,- CH,- C - N- CH, 

(1* amide) (2? amide) | (3° amide) 

CH, 

CH,CN , CH,NC 
(Cyanide) (Isocyanide) 


1°, 2°, 3° — alcohols never considered as different functional group isomers but 1°, 2°, 3°-amine and 1°, 
2^, 3° amides are considered as functional group isomers. 


(v) Metamers : 
This type of Isomerism arises due to unequal distribution of alkyl substituents around a polyvalent 


functional group. 
Some example of Polyvalent functional groups. 
—O- (Ether) —C- (Ketone) 
ll 
-N- (tert.aminc) -S- (Thioether) 
| 
| 
= r = (Thioketone) -C-O- (Ester) 
о 
[| 
а. a" (acid anhydride) 
— c 
Example :- 
(i) шй йш -CH,-CH, and LIAE 5: dag nr 


(2 - Pentanone) (3 - Pentanone) 
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(iii) ^^ Diethyl amine and methyl propylamine 
CH,CH, – NH - CH,CH, (Diethyl amine); 
CH, CH,CH,-NH-CH,(Methyl propyl amine) 


| он 9 
(iv) (CY and i lad are metamers 


(vi) Таиќотегіѕт : 

(1) Tautomerism is a special type of functional group isomerism which arises due to the transfer of 
hydrogen atom as proton from a polyvalent atom to other polyvalent atom. 

(ii) Such isomers are directly and readily inter convertible under ordinary conditions, and the isomers 
are called tautomers. 

(ш) ^ Tautomers exist in dynamic equilibrium. 

(iv) Тһе other names of tautomerism are ‘desmotroprism’ or ‘prototropy’. 

(у)  XTautromerism is thus the property shown by certain compounds exhibiting different 
properties, as if they posses different structures and these constitutional isomers are called tautomers. 

(vi) Ifthe hydrogen atom oscillates between two polyvalent atoms linked together, the system is called 


as Diad. 
Н-С= М а> C=N-H 
Hydrocyanic acid isocyanic acid 
(vii) Hydrogen atom oscillates in between first and third atoms in a chain, the system is called as triad. 
H-O-CsN == О=С= М-Н 


(а) Keto - Enol Tautomerism - 

(i) When the tautomers exist in the two forms keto & enol then, such type of tautomerism is called 
keto-Enol tautomerism'. 

(1) It was discovered by the scientist 'Knorr' in 1911 in acetoacetic ester. 

(ш) Тһе Keto means the compound has a Keto group > C = О, and the enol form has both double 
bond and OH (hydroxy) group Joined to the same carbon. 


HO OH 
lee || | 
JD. a oy 
| 
Keto forms Enol forms 


Conditions for tautomerism 

(i) Presence of groups like >С = О, -N = O , >С = N- & a-H with respect to these groups. 

(ii) In order for conversion of a keto form to its enol form it must have an a-hydrogen (1.е., hydrogen 
attached to the carbon adjacent to the carbonyl group). Thus benzaldchyde, 
m-chlorobenzaldehyde (in general, aromatic aldehydes) formaldehyde, trimethylacetaldehyde do 
not exist as their enol forms. 
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CH; 
NAR cues — gu 
CH; O 
Methanal Trimethyl-acetaldehyde 


(ш) Keto enol tautomerism can occurs both in acidic and basic medium. 
Example of Keto enol tautomerism :- 


li j 
() CH,=C-OH => CHCH 
Vinyl alcohol Acetaldehyde 
Keto form Enol form 
у OH 
(i) | CH;-C-CH, => СН,=С-СН; 
Acetone Isopropenyl alcohol 
Keto form Enol form 


Enol — Contents : It is the % amount of enoL in keto enoL system usually keto content is generally more than 
Enol. contents. 


Enolcontents: o Stability of enol 
х aromatic in enol 
a conjugation in enol 
x Hydrogen bonding in enol 
х Acid strength ofa-H of keto form 
x Presence of electron withdrawing group 


Normally Enol content of cyclic system is greater than corresponding a cyclic system as insertion of t- 
bond is easier in cyclic system. 


ALO 
t. 
A AU 
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Ak © Game ee 


H.d.d 


OH 


О 
(Aromatic enol) 


MCQ 


Q.1  CH,CH,CH,-Cland сн, - cH - cH, shows which type isomerism 


| 
CI 


(A) Chain isomers (B) Position isomers 
(C) Functional isomers (D) Metamers 
92 CH,CH,CH,-OH and CH, -CH - CH, shows which type of isomerism 
| 


OH 
(A) Chain isomers (В) Position isomers (С) Functional isomers (D) Metamers 


Q3  CH,CH,OH and CH,-O-CH, express which type of isomerism 
(A) Functional isomers (B) Chain isomers (C) Metamers (D) Position isomers 
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Q4 


Q.5 


Q.6 


Q.7 


Q.8 


Q.9 


Q.10 


Q.11 


Q.12 


Q.13 


Q.14 


CH,-CH,-CH,-CH, and CH, - CH - CH, shows which type of isomerism 
| 


CH 
3 
(A) Chain isomer (B) Position isomer (C)Functional isomer (D) Metamers 
Alcohol and ether express which type of Isomerism 
(A)Positionisomers (В) Chain isomers (C) Metamers (D) Functional isomers 


How many position isomers are shown by CH, - CH = CH - CH, 
(А)2 (В)3 (С) 4 (0)5 


How many position isomers are shown by CH, – CH, - CH,- NH, 
(A)5 (B)3 (С)4 (0)2 


CH, 


CH, 
CH, 
and shows which type of isomerism. 
H, 


(A)Positionisomers (В) Chain isomers (C) Functional isomers (D) Metamers 


How many Ring chain isomers are possible for C-H,- 
(A)2 (B)3 (С)4 (0)5 


CH, - CH, - CH = CH, and [ | express whichtype isomerism. 
(A) Ring chain isomers (B) Metamers (C) Position isomers (р) Chainisomers 


CH, - CH = CH, and /N express which type of isomerism 
(A) Ring chain isomers (B) Chain isomer (C) Position isomers (0) Metamers 


CH,CH,CH,NH,, CH, CH,NHCH, and CH 3- N-CH, express which of Isomerism 
| 
CH, 
(A) Functional Isomers (B) Chain Isomers (C) Metamers (D) Position isomers 


о 
| 


CH,CH,COOH and CH; -C—O-—CH, express which of isomerism 
(A)Positionisomers (В) Chain Isomers (C) Metamers (D) Functional Isomers 


Alkynes and Alkadienes express which type of isomerism 
(A)Positionisomers (В) Chain isomers (C) Metamers (D) Functional isomers 
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0.16 CH,-CH,-O-CH,CH, and CH,-O CH, CH, CH, express which type of Isomerism 
(A) Metamers (B) Functional isomers (C) Tautomerism (D) Functional isomers 


1 CH, 


| 
0.17 CH,-C-CHCH, and CH, Е, express which type isomerism 
| 


О о 
(А) Metamers (В) Tautomers (C) Functional isomers (D) Position isomers 
Q.18 О Өү and IO express which type of isomers 
(A) Metamers (B) Tautomers (C) Functional Isomers (D) Chain Isomers 


Q.19 Diethyl amine and methyl propyl amine express which type of Isomers. 
(A) Functional isomers (B) Positionisomers (C)Metamers (D) Chain isomers 


0.20 The molecules which exhibit metamerism are 
(A) C,H,,O (ethers) (B) C,H,(alkene) (C) C;H,,0 (ketone) (D)C,H,,N(amine) 


Q.21 Which molecule does not express Tautomerism 


(A) (CH,),CCHO (B) CH,CHO (C) CH, AW 05 (D) CH,-CH,CHO 
о 
0.22 Which form is more stable for CH 37 C-CH, 
| ` 
о 
(А) enol-form (В) keto form 
(C) both form are equally stable (D) keto and enol form does not exist 


Q.23 Which molecule has higher enol content 


CH, -C- CH CH,-C-C-CH, 

(A) 3 d (B) | ll 
О 

(С) Medi Gaia ы (D) 
| 2 
O о 

0.24 Which molecule has higher keto-contents 

(A) 2 3 ai (B) H-C- CH, -C-H 
о О o 

(C) сн,-о-с-сн,-с-о-сн, (D) CH, -C-CH,-C-CH, 
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Q.25 


Q.26 


Q.27 


Q.28 


Q.29 


Which ofthe following compounds can exhibit tautomerism 


о 
о CH = CH - OH 
СР ow a абу 
o О 


The number of structural isomer shown by СЕН |, 


(A) 6 (B)5 (C) 6 (D)8 

How many chain isomers are shown by C,H . 

(A)3 (B)2 (C)4 (D)5 

How many chain isomers are shown by C,H,OH 

(А)2 (B)3 (C)4 (D)5 

Number of structural of isomers shown by C,H ,4 : 

(A)4 (B5 (C)8 (D)6 
ANSWERS 

ол B Q2 B Q3 A Q4 A Q5 D Q6 А 

Q7 D Q8 A Q9 A 0.10 A Оп A Q.12 A 

9.13 D Q.14 D 9.15 D Q.16 A Q.17 A Q.18 A 

Q.19 C Q20 A,C,DQ.21 A Q22 B Q23 C Q24 B 

Q.25 A, B, C, D Q.26 B 0.27 B Q28 A Q29 B 


(II) STEREOISOMERISM / SPACE ISOMERISM 


Compounds having same molecular formula, same connectivity and structural formula but differ due to 
spatial arrangement of group or atom are said to be sterco isomers and phenomenon is termed as 
stereoisomerism. 

It is divided into two parts : (1) Configuration isomerism (2) Conformational isomerism 


Configuration isomerism : Stereoisomers which are not interconvertible at room temperature are 
known as configurational isomers 

Configurational isomerism is further divided into two parts 

(A) Geometrical isomerism 

(B) Optical isomerism 


GEOMETRICAL ISOMERISM 


It is type of configurational isomerism which arises due to restricted rotation of atoms or groups 
around a double bonded system or cyclic system. 
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40 
For example: 


(a) C=C 


Not showing С.І. 
(Because same group X and Y 
present on each carbon) 


Geometrical isomers are named as 
(а) cis-transisomers (b)E and Z isomers 


C=C 
Y" Nx 


(b) 


Showing G.I. 


(c) Syn-anti isomers 


(a) Cis- trans isomers. When like atoms or groups attached at the same side of double bonded 
C-atom-called as cis. isomers. When like atoms or groups are on the opposite sides of 
doubly bonded carbon, are called. trans isomers. 


a 
M carla 
gore re. 
cis isomers 
Cl. pat 
C=C 
H^ “и 
cis isomer 


HOOGS, „соон 
С=С 
H^ “н 


Maleic acid 
(cis isomer) 


(b) E and Z isomers, 


C E ZH 
C=C 
H^ “Ма 
trans isomer 
HOOC-.. ZH 
C=C 
H^ “соон 
Fumaric acid 


(trans isomer) 


(1) The above system is used for derivatives of alkenes in which all the four substituents 


should be different 


a 
ч 


b^ 


ndi 
C=C. 


a 


(ii) Following a set of rules (Cahn - Ingold-Prelog rules) the substituents on a double 


bond are assigned priorities. 


(ii) 


The double bond is assigned the configuration E (From entgegen, the german word 


for opposite) if the two groups of higher priority are on the opposite sides of the 


double bond. 
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Priority rule : cahn, ingold & prelog proposed a sequence rule. 


Rule-1 


Rule-2 


Rule-3 


Rule-4 


When atom or group of atom which are directly attach to the stereogenic 
centre have higher atomic number will have higher proirity. Example 


2 (2 
p. E Оумн, мо, (D) 
Z-form E-form 


When the atomic number will be same, priority assigned on basis of atomic 
weight, 
(NHN — HQ) 


C=C 
(2)CH, - CH, < Np (l) 
E-form 


When both atomic number and atomic weight are same then proirity will be 
decided by the next joining atom. 
CH, 
(1) 
CH-CH, ‚сн, 


CH,-CH,-CH, ^ . ^ CH;-CH, 


(2) (1) 
(E-form) 
Q) т» CH; 
сьс - ^ CH;- CH- CH; 
d C= = 
СН; / \ (2) 
CH, CH- CH; 
Ls (1) 
(1) OH CH; 
(Z-form) 


If multiple bonded group attach to the double bonded carbon, then they are 
considered in following manner. 
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For example : 
Ех.-1 )CI-CHy\ __ ^cu - oU 
007 OG 
(E-form) 
AT ER. 


О (Z-form) 


(c) Syn-anti isomers This type of isomerism exhibit by oximes and Azo compound. Oximes 
are the compounds formed by the reactions of aldehydes or ketones with hydroxyl amine. 
The products obtained have all the necessary conditions for Geometrical isomerism. i.e. 
restricted rotation they can be represented by the general formula 


S , 
2-ю + HJ-N-OH — 


Oxime of aldehyde 
ч and oxime of unsymmetrical 
7 € - N -OH ў ketone also show 
Oxime Geometrical Isomerism 
Aldoximes 
Сну ^H СНз ( ^H 
|! Il 
N~ oH Boc 
Syn form Anti form 


When —OH group and H atom is same side, then it is syn form otherwise anti form 
CH; c ^ZCH;-CH, CH;,-CH; c 7CHs 
II Il 
Non “он 
Syn form Anti form 


In unsymmetrical Ketoxime, if-OH and the alphabetically alkyl present on the same side of 
double bond, then it is called as syn form and other isomer is anti form 


Geometrical Isomerism in Azo compound : 
Eq. Ph-N-N-Ph 


ex, 7 Su, uU 
Il Il 


А 
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Geometrical Isomerism in cyclo alkane : 

In cyclic compound the rotation about C — C single bond is not free because of the rigidity caused 
by the presence of other carbon of the ring which keep them tightly held, thus a disubstituted cyclic 
compound (having the two substitution at the separate carbon) will also show Geometrical Isomerism. 
The substituents on the same side are cis-isomers while the substituents on opposite sides represent 
trans-isomers. 


H 
H СІ C C CI 
H CI 
Trans form Trans form Cis form Cis form 


No. of geometrical isomers in polyenes : 
Саѕе-1 In case of unsymmetric alkene. If R} + R, (К, - CH = СН ~ CH = CH ~ R,) 


n — number of double bond showing geometrical isomerism 


Ех- .CH,—CH = CH- CH = СН - CH, - CH, 
М = 2% = 22 = 4, 
Case-2 In case of symmetric alkene. If R, = R, (К, - CH = CH — CH = CH ~ R,) 


no.of G.L- 2^! , 2*7! 


о ла п 
if n is even no. then , Р = 2 


if n is odd no. then, P = ES 


Ex- CH,- CH - CH - CH - CH - CH - CH - CH, 


MCQ 


Which of the following compounds exhibits geometrical isomers - 
(A) С,Н,Вг (B)(CH)(COOH), (C) CH,CHO (D) (CH,),(COOH), 


The number of geometrical isomers of 
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Q3 


QA 


Q.5 


Q.6 


Q.7 


Maleic and fumaric acids аге: 
(A) Geometrical isomer(B) Tautomers (C)Opticalisomers (Р) Metamers 


Which of the following can exhibit cis-trans isomerism — 
(A) HC = CH (В) CICH = СНСІ (C)CH,.CHCI.COOH (D) CICH, — CH,CI 


Geometrical isomerism is possible in case of: 
(A) Pent-2-ene (B) Butane (C) 2-Butene (D) Ethene 


Give the E-Z designation of the following compound - 


CH; I 
ene 
CH4NH Br 


(A) E (B) Z (C) E-Z (D) E-E 

Which ofthe following compounds will exhibit trans (geometrical) isomerism? 

(A) 2-butene (B) 2-butyne (C) 2-butanol (D) butanal 
ANSWERS 


QI B Q2 D Q3 A Q4 B QS AC Q6 A 
Q7 A 


OPTICAL ISOMERISM 


(a) 


(b) 
(c) 


(d) 
(e) 


(f 


(g) 


Configurational isomers which are differ in their optical activity. 


Optical Activity : The ability of optically active substances to cause rotation in the plane of 
oscillations of polarized light is called optical activity. The substances which do not have any 
interaction with plane polarized light are called optically inactive substances. 

Following experiment was conducted to determine the optical activity of a substance 

Under ordinary conditions, the light waves oscillate in infinite number of planes passing through the line 
of propagation at right angle. 

Plane polarized light is a light whose vibrations take place in only one of these possible planes. 
Ordinary light can be tumed into plane polarized light by passing it through Nicol prism (made up of 
calcite, a special crystalline form of CaCO,) 

When plane polarize light is passed through the liquid or dissolved state of such substances. 

The plane of oscillation gets rotated through some angle towards left or right of the original plane of 
oscillations, The substances which rotate the plane of polarized light are called optically active substances. 
The substances which rotate the plane of polarized light in the clockwise direction, i.e., towards right are 
called dextrorotatory substances (Latin : dextro means right). This is indicated by putting a better d or 
(+) sign before the name ofthe substances. 

The substances which rotate the plane of polarized light in the anticlockwise direction, i.e., towards left 
are called leavorotatory substances (Latin : laevus means left). This is indicated by putting letter * 1* or 
(-)sign before the name ofthe substance. 
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8-0 


Ey UE Tube containing sample of Plane is rotated 
optically active substance through angle a 


Polarimeter 


(i) The amount of rotation caused by an optical active compound depends on various factors- 
(а) Wavelength of light beam 
(b) Temperature 
(c) Density or concentration 
(d) Length ofthe solution through which light beam has been passed. 


Specific Rotation : The specific rotation of optically active compound can be defined as the amount 
of optical rotation observed when plane polarised light is passed through a solution of 1 gm per ml 
concentration solution in a | dm long tube. 


ific rotation= [a], = —— 
Specific rotation = 10]; = IxC 
Cause of optical activity:- 
In order to exhibit optical activity, an object or molecule must be chiral. 
Any molecule or object is said to be chiral if does not have any element of symmetry i.e. a plane of 
symmetry or a centre of symmetry. 
Plane of symmetry:- А 'Plane' of symmetry is a plane which divides an object in such a way that the 
part of it on one side of the plane is the mirror image of that on the other side for cg. a ball is 


symmetrical while a hand is asymmetric 
| 
| 


A chiral molecule or object is non-super impossible on its mirror images. 
Hence, chiral objects or molecules are also called dissymmetric objects or molecules the word chiral 
in fact is derived from the Greek word cheir, meaning hard. 


Chiral centre:- 
(i) Acarbon atom bonded to four different atoms / groups in the molecule is called Chiral centre. 


(ii) The chiral centre in the molecule is represented by asterisk (*). For example, the second carbon in 
lactic acid is chiral centre because it is bonded to four different groups 
(— H, - CH,, - OH and - COOH). 


16 


(d) 


Chiral centre 
H 
CH,- Ç- COOH 
OH 


(iii) Some more examples of molecules having one chiral centre are 


* ж 
CH,-CH-CH, сн,-Єн-сн, — CH,CH.CH,- CH - CH, 
Br OH CH, 


2-Bromobutane 2-Butanol 3-Methylhexane 


Compounds which are mirror images of each other and are not superimposable are termed 
enantiomers and the phenomenon is described as enantiomerism. 


Enantiomers : Enantiomers are molecules which are mirror images of cach other i.c. they should be 
non-superimposable. 
d d 


AN LA 


Mirror 


Characteristics of Enatiomers : 


(i) 
(ii) 
(ш) 


(iv) 


Some ofthe important characteristics of enantiomers are as given below : 

Enantiomers have identical physical properties such as melting point, boiling point, density, refractive 
index etc. 

Enantiomers are optically active substances. They rotate the plane of polarized light in opposite 
directions but to the equal extent. 

Enantiomers have identical chemical properties. This means that they form same products as a result 
of chemical combination. However, their reactivity, i.c., rates of reaction with other optically active 
substances are different. 

Enantiomers have different biological properties. For example (+) -sugar plays significant role in 
animal metabolism. On the other (-)-sugar does not play any role in metabolism. 


Representation of Enantiomers : 


(a) 


(a) Wedge and dash formulae (b) Fischer Projection Formulae 


Wedge and dash formulae : 

(1) In this method, the four groups bonded to the chiral centre are represented by different means. 
(ii) A normal line represents the bond lying in the plane of paper. 

(iii) A broken line represents the bond going behind the plane of the paper and a solid wedge 
represents the bond projected out towards the viewer. 


r 


W i 
me. 
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17 
(b) Fischer Projection Formulae 
(i) Emily Fischer devised a most simple and convenient method to represent the three dimensional 
arrangement of groups bonded to chiral centre. 
(ii) He used the point of intersection of two perpendicular lines to represent the chiral centre. 
(iii) Horizontal lines represent the bonds projected out of the plane of the paper towards viewer. 


(iv) Vertical lines on the other hand, represented the bonds projected back from the plane of the 
paper away from the viewer. 


(у) The Fischer projection formulae of enantiomers of 2-butanol and lactic acid are as under 
Chiral centre 


CH, CH, CH, 
OH H н н OH H H 
C.H, 


COOH COOH 


Enantiomers of 2-butanol Enantiomers of lactic acid 


Important Points About Fischer Projection Formula : 
(1) Fischer projection ofa stereoisomer must not be lifted from the plane of the paper and turned over. 
Such an operation would result into an arrangement which is enantiomer of the original stereoisomer. 


ү Ww 
H E. == 

Y Ү 

(А) Enantiomer of A 


(2)  Fischer's projection can be rotated in the planc of the paper about the chiral centre through 180° or 
its whole number multiple. Such an operation produces the same arrangement 


ү Y 
Y W 
(A) (Same as A) 


(3) Fischer projection should not be turned in the plane ofthe paper through angle of 90° about the chiral 
centre. Such an operation also produces enantiomer of the original compound. 


ү X 


Лат through 90 „ 
X 2 ш the plane of paper Y W 
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(4) | Keeping опе group as steady, the other groups in the Fischer projection can be rotated clockwise or 
anticlockwise simultaneously. Such operation would give same arrangement as the original. 
(wW) Fixed W 
CP} see "rs 
d 
(A) ( ica as A) 


Diastercomers : 

The stereoisomers which are non-superimposable and do not bear mirror image relationship are called 
diastereomers. For Example, a compound having two asymmetric carbon atoms can have four 
stereoisomers as shown below in the case oftartaric acid : 


COOH COOH COOH COOH 
| П 
H OH \ HO E H H— он \ H H 
H н К H——OH н——он | н H 
Ñ | | N 
CH, N CH, CH, S CH, 
а) Y (11) (Шш) X (IV) 
Mirror Mirror 

One pair of enantiomers Second pair of enantiomers 


(I) is mirror image of (IL); similarly (III) and (IV) are mirror images of each other. Thus, the four 
isomers are two pairs of enantiomers. Now compare (1) with (Ш); they are neither superimposable 
nor they are mirror images. They are called diastereomers. (I) and (IV) are also diastereomers, as 
are (II) and (III) and (1) and (ТУ). 


Characteristics of Diastereomers are : 
(1) They show similar but not identical chemical properties. The rates of reactions are different. 


(ii) They have different physical properties, such as melting points, boiling points, densities, solubilities, 
refractive indices, etc. 


(iii) ^ Theycanbeecasily separated through fractional crystallization, fractional distillation, chromatography, 
etc. 


(iv) Diastereomers are also encountered in the case of geometrical isomers : 
H X prat H, H,C E < H 
ü T S S ies ii a e. сн, 
Cis Trans 
MESO COMPOUND 


(a) The compounds containing two or more chiral centres but possessing achiral molecular structure 


Saved /storage/emulated/0/Pictures/TouchShot/ 
20170808 215630. ipa 


19 


CH, CH,CH, 
QS, 3R) QS, 4R) 


Meso Compound 
Plane of symmetry is represented by dotted line 


(b ^ Mesocompounds do not rotate the plane of polarized light in any direction, i.e., they are optically 
inactive. 

(c) This is because of achiral nature of their molecules. Because of the present of plane of symmetry the 
optical rotation caused by half of the molecule is compensated by the rotation caused by the other 
half. 

(d) This cancellation of rotation within the molecule is referred to as internal compensation. 

(e) In short, the meso compounds are optically inactive due to internal compensation. 


CONFIGURATION 


(1) Three dimensional arrangement of groups about the chiral centre is called configuration 
(ii) There are two methods for assigning configuration to a molecule : 
(a) Relative method (b) Absolute method. 


(1) Relative method of configuration (D, L System) : 
(a) It uses D-Glyceraldehyde and L-Glyceraldehyde as the basis for the configuration determination. 


(b) The stereochemical descriptor D refers to the arrangement in which — OH group attached to the 
chiral centre is on the right side of Fischer projection, whereas descriptor L refers to arrangement in 
which – ОН group is on the left side of the Fischer projection of glyceraldehyde. 


CHO CHO 

неон поен 
CH.OH CH.OH 
(D) (L) 


{d} This method was found suitable for the study of optically active sugars as the sugars are defined as 
poly hydroxy aldehydes and ketones. 

(е) Glyceraldehyde also contains hydroxy and aldehyde groups but this method cannot be used for 
those molecules which do not process hydroxy aldehyde groups like СЕСІ Вгі. 

(f) Iftwo or more than two -OH groups are present then D, L configuration is decided on basis of -OH 
group of lowest chiral in the Golden rule following fischer projection 


Golden Rule 


Saved /storage/emulated/0/Pictures/TouchShot/ 


20170808 _215630.jpc 


* ane 


Examples: 

{i) (ii) (iii) 

COOH COOH COOH 
OH OH 

OH 
OH H H 
1 
D-form D-form L-form 


R-S system (Absolute configuration) 
К  Rectus (Right) 

S — Sinister (Left) 

R-S nomenclature is assigned as follow : 


Step-I :- By the set of sequence rule, we give the priority order of atom or group connected 
through the chiral carbon. 


Step-II :- If atom/group of minimum priority present on the vertical line, then 

Movement of eyes in clockwise direction = R 

Movement of eyes in anticlockwise = S 

Movement of eyes taken from ] — 2 — 3 through Low molecular weight group (if needed) 


Step Ш :- If minimum proirity group present on the horizontal line, then 
clockwise rotation => 5 


anticlockwise rotation => R 
1 1 


2 4 - 3 
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Optical Isomerism in compound containing no chiral carbon atom 


(i) 


(ш) 


Various types of compounds belonging to this group are allenes, alkylidene cycloalkanes, spiro 
compounds (spiranes) and properly substituted biphenyls. 


Allenes These are the organic compounds of the following general formula. 

>C=C=C< 
Allenes containing even number of double bonds exhibit optical isomerism provided the two groups 
attached to each terminal carbon atom are 


a a a xX 
“etn a egl 
b^ "b b^ “у 


Alkylidene, cycloalkanes and spiro compounds : 
When one or both of the double bonds in allenes are replaced by one and two rings, the resulting 
systems are respectively known as alkylidene cycloalkanes and spiranes. 


H a H 
WA gd - iy PERS, uh Lr d 
H “соон bo” NcH/ “сн “Хь 
I-Methyl cyclo hexylidene-4-acetic acid 
(Alkylidene cycloalkane) Spiranes 


Biphenyls :Suitably substituted diphenyl compounds are also devoid of individual chiral carbon atom, 
but the molecules are chiral due to restricted rotation around the single bond between the two 
benzene nuclei and hence they must exist in two non-superimposable mirror images of cach other. 


COOH ON F ноос 
Number of optical isomers : 
Case - 1 When the molecule is unsymmetrical. (It cannot be divided into two halves) 
Number of d and / isomers = 2" 
Number of meso form = 0 
Total number of optical isomers = 2^ 
Where n is the number of chiral carbon atoms. 
For eg. 2, 3 - Pentane diol 
CH; 
ue OH 


6 Ж d and 1 isomers = 22 = 4 


С.Н, 
Case - 2 When the molecule is unsymmetrical, number of chiral carbon = even number 
Number of d and 1 forms =2!"~ 1) 
Number of meso form =2™?- t) 
Total number = addition of the above 


' 


= 2-1 + 21 


22 


For eg.: Tartaric acid 


COOH 
нон 
н—С—он 
Соон 
Number of d and | forms = 22 - D 22 
Number of meso form = 20? - 0 =2° = | 
Total optical isomers = 3 
Case- 3. When the molecule is symmetrical. 
number of d and / form = 2!~ 1) — 2 (#2 - *5 
Number of meso form = 2/9? - *) 
Total number of isomers = 27! 


RACEMIC MIXTURE 


(a) 
(b) 


(c) 
(d) 


An equimolecular mixture ofa pair ofenantiomers is called racemic mixture or racemic modification. 
A racemic mixture is optically inactive. This is because of the fact that in equimolecular mixture of 
enantiomeric pairs, the rotation caused by the molecules of one enantiomer is cancelled by the rotation 
caused by the molecules of other enantiomer. 

This type of compensation of optical rotation in a racemic mixture is referred to as external 
compensation. Thus, racemic mixture becomes optically inactive because of external compensation. 
Representation of Racemic mixture : The racemic mixture ofa particular sample is indicated by using 
the prefix (d, / ) or (+). For example, racemic mixture of lactic acid is represented as (+) lactic acid. 


RACEMIZATION 


It isa process of conversion ofan optically active compound into the racemic modification. Both (+) 
and (—) forms of the compound are capable of racemizations under the influence of heat, light or 
chemical reagents. 


RESOLUTION 


The process of separation of constituent enantiomeric forms from the racemic mixture is known as 
resolution. 


Chemical method : This is probably the best method of resolution. The racemic mixture is to combine 
with another optically active compound and the resulting products (salt - formation) differ in properties, 
particularly in solubility in various solvents. By fractional crystallization from a suitable solvent, they can 
be separated. 


Mechanical method: Ifthe d and /-forms ofa substance exist in well defined crystalline forms, the 
separation can be done by hand picking with the help of magnifying lens and a pair of tweezers. 


Biochemical method : In this method, the resolution is done by use of micro-organisms, when certain 
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MCQ 


Q.1  AFischer projection of (2R, 3S)-2,3-butanediol is : - 
н; 


CH; CH; " т Hy 
HO H н H H H 
wwii oh 0€ к 
CH; CH; 3 CH; 
Q.2  Thecorrect statement about the compound A, B and C. 
COOCH, COOH COOH 
H | OH н————оОн H— — — OH 
H— 1 —9H H —] oH HO —— —H 
COOH COOCH, COOCH, 
(A) (B) (C) 
(A) ‘A’ and *B' are identical (B) ‘A’ and ‘B’ are diastereomers 
(C) ‘A’ and “С” are enantiomers (D) *A' and ‘B’ are enantiomers 
Q.3 The correct statement about the compounds I, П and III 
COOCH, COOH оон 
н H H OH H OH 
H OH H OH HO H 
COOH COOCH, COOCH, 
п) (t) (ш) 
(A) Land Il are identical (В) land П are diastereomers 
(C) Land Ш are enantiomers (D) land П are enantiomers 
Q.4  Thenumberofoptically active isomer possible for 
CH;-CH-CH- CH - CH;OH 
las iE Ы i 
OH OH OH " 
(A)2 (B)4 (C)6 (D)8 (E) 10 
Q.5  Whichofthe following compounds is chiral? Br 
| 
(A) BrCH,CH,CH,CH,CH, (B) CH;CH,CHCH,CH; 
(C) CH. =C=CHCH, (D) BrCH = CHCH,CH,CH, 
Br 
(E) None of these 
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Q.6 


Q.8 


The following hydrocarbon can exhibit. 


Ке CH=CH, 


CH,CH, 
(A) Geometrical isomerism (B) Optical isomerism 
(C) Both geometrical and optical isomerism (0) Tautomerism 
The compound whose stereochemical formula is written below exhibits x geometrical isomers and y 
optical isomers. 
CHN, 8 ZU OH 


| 
d^ "SL ти с - CH, 
H 


The values of x and y are 
(A) 4 and 4 (B) 2 and 2 (C) 2 and 4 (D) 4 and 2 
ANSWERS 


QI А Q2 B Q3 A Q4 D QS. Е 0.6 B 
Q7 B Q8 B 


2. CONFORMATIONAL STEREOISOMERISMS 


Different non-identical arrangement of atoms or group in a molecule that result by the rotation 
about a single bond and that can easily be reconverted at room temperature are known as 
conformational sterio isomers of conformers. 


Conformation isomerism : 


The different arrangement of atoms is space that result from the free rotation of group about C-C bond 
axis are called conformers, and this phenomenon is called conformation isomerism. The basic structure 
of the molecule various bond length and bond angle remain the same. There are infinite no. of conformers 
of any molecule two out of them are defined as staggered and eclipsed. 


Condition of conformation: 


There should be three c-bond present in a molecule. 


Projection of Tetrahedral Carbon Atom : 


Newman projection : In this method the molecule is observed along the central carbon-carbon 
bond. a circle is drawn and centre of the circle represents the front carbon. the bonds of the front 
carbon are drawn from the centre of the circle while the bonds at the hack carbon are drawn from 
the periphery. 


LTS C-H bond of back carbon 
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Saw horse projection : In this method, central carbon-carbon bond of the molecule is represented 
by a straight line written in bond of the molecule is represented by a straight line written in slightly 
tilted manner and the molecule is observed from the right side. 


H 


с-н 


jy 


С 
u^ NH 


Dihedral angle :— Angle between valencies of two adjacent atoms 
Conformation in ethane (CH,-CH,) 


H 
H H H 
H 
F H 60° 
Saw horse formula : H — M H » d 
H 


Eclipsed Straggered 


Hy H 
H H 
60° 
Newman's projection formula 2 H ш алы 
H H H H 
H 


Eclipsed form : When H-atoms of one carbon are directly behind the other is called eclipsed form. 
Staggered form : The hydrogen of two atoms are maximum distance with respect to one another. 
Skew form : The different forms which exist between 0° to 60°. 


Stability : The eclipsed form is less stable than staggered due to Vander Waal repulsion and torsional 
strain. 
Eclipsed < Skew < Staggered 


Vander Waal repulsion : Repulsion between atoms or group of atoms. 


Torsional strain : Bond pair-bond pair repulsion in eclipsed form. 
Potential energy curve : Ex- E,,=3 Kcal / mole or 12.5 kJ / mole 


Potential energy 
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Conformation in propane: 
H 
HCH, H CH, Hy 
60° 60° 
I H H 
H H Hg 8 H r^ 
Eclipsed Staggered Eclipsed 


Potential energy 


E, — E, = 13.8 kJ/mole 


о 


120? 180° 
Staggered Eclipsed Staggered 
Rotation 

Conformation in n-butane : 


CH a -Сн, -Сн, -CH ‚ (C,-C, bond rotation) 


H, CH, 
CHa cy, I CH, HcH, H H 
H H H H H CH, H 
H H 1 H H CH, 
TEE SM Partially staggered . oe Fully staggered 
Fully Eclipsed (Gauche form) РӘН ON ADI Dm 
CH 
CH 
Н Сн; H 
H H H H 
CH, H H 


Partially Eclipsed Partially staggered 
(Gauche form) 


Stability order : Anti form > Gauche > Partial eclipse > fully eclipsed 
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Exercise : (1) n-pentane (about С,-С,) 
(1) 3-methyl pentane (about C, –С,) 


Some important example : 
О-Н... 
H O-H 
Ethylene glycol : 
H H 
H 
Gauche form is most stable due to intramolecular H-bonding. 
+*+ Z-CH, Nn = -ОН, -NH,, -F, -CHO' -COOH, OCH, 
OH 


Gauche in all cases due to H-bonding. 


Gauche effect : In a lone pair containing compound bulkier group should be placed in Gauche (60?) 
from l.p. As l.p. has minimum steric repulsion. 


() | CH,CH,NH, 


H 
H H 
« 
H H, 
(i) 
H 
CH CH, 


Draw most stable conformation of following compound. 
(i) n-pentane (C,—C,) bond rotation. 


CH, 
T H H 
є-с}с-с-с 
H H bu, 


(ii) n-hexane (C,—C,) rotation 
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CH, C.H; 
H H H H 
C-C jcjc-c-c 
H H H 
C;H; C-H; 
(iii) 3-methyl pentane (C,-C,) 
CH, 
CH; H 
сес 
C H H 
С.н; 


(iv) — 3,3-dimethyl hexane (C,-C,): 


(v) 


О. | Write stable conformer for Z- CH,- CH,- Z in Newman's projection. If нүн, = 1.0 D and mole 


fraction of anti form = 0.82, find ңү... [JEE 2005] 
AnS. Hoah 5-55 D 


Z "A 
H H H Fi 
Sol. H H H H 
Z H 
(Anti) (Gauche) 


Mole fraction of anti form = 0.82 
Mole fraction of Gauche form =0.18 
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Ba, l 

1 = Шм) х 0.82 + EiGauce) * 0.18 
Шал) =0 

АЩ = саа х 0.18 


iuc 018 ^ 5.55р 


Conformation in cyclo alkane ; 


Bacyer's strain theory : According to Baeyer's strain theory, the amount of the strain is directly 
proportional to the angle through which a valency bond has deviated from its normal position. i.c. 


Amount of deviation d = ; (109° 28' — Valency angle) 
in cyclopropane d= 5 (109? 28' — 60°) = 24°44' 

in cyclobutane d = 5 (109? 28' — 90°) = 9°44' 

іп cyclopentane d= ; (109° 28'— 108°) = 0°44' 

in cyclohexane d = > (109° 28' - 120°) = —5°16' 


Heat of combustion: 
Cyclohexane > Cyclopentane > Cyclobutane > cyclopropane 


Heat of combustion per -CH,- 
Cyclopropane > Cyclobutane > Cyclopentane > Cyclohexane 


Orbital picture of angle strain : 


In cyclopropane however, the C-C-C bond angle cannot be 109? 28' but instead must be 60°. As a 
result the C-atom cannot be located to permit their sp? orbitals to point toward each other. there is less 
overlap and the bond is weaker than the usual C-C bond. 


Conformation of cyclohexane : Cyclohexane exist in different form, such on chair form, boat form 


twist boat form, half chair form. 
Stability order : Chair form > boat form 


Flug pole 
hydrogen 
Flay pote 
PAN H 
H H j 
Boat conformation : LÁ s 
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Chair form of cyclohexane: 


H H 
Ha H H 
He 
H H 
H H 
Newman's projection 


There are two type of hydrogen in cyclohexane: 
(i) Axial hydrogen (Ha) 
(i) Equatorial hydrogen (He) 


E гы н H 
R > Не 
H 
Ha He He 
Ha 


Axial bond Equatorial bond 


In cyclohexane all carbon maintain tetrahedral geometry so that cyclohexane is most stable cycloalkane. 
At room temperature one chair form flips to another chair form during flipping axial bonds converts to 
equatorial & equatorial bonds converts to axial. 


ма. : Ha 
AN " 
—HBnE o. 
n flippings Ha 
э. Не 


K=] 
Both chair form are equally stable. 


Conformation of mono substituted cyclohexane : 
Н 3 


Methyl cyclohexane 


———>=сн, 


K»1 
(1,3 — 1,5 intraction) 


When methyl group is add axial position than their will be more 1,3 — 1,5 intraction so that this conformation 
will be least stable. By ring flipping methyl group occupied equatorial position so that new reverse chair 
form will be more stable. 


31 


Write the orders of equilibrium constant for following equilibrium. 


(i) 


(ii) 


(iii) 


(iv) 


CH, 
C,H, 


C=C 


‘VA 
A > ХА 
A 


C 
` Es 
C 


order K,<K,<K,<K, 
As the size ofalkyl group increases 1,3 — 1 ,S—intraction also increases, so that bulky alkyl group preferably 
occupied equatorial position. 


Draw most stable chair conformation of following compound. 


(а) 


(b) 


(с) 


(d) 


LY 
1,2 - dimeth lohexane 
ylcyc CH, 
Сн; 

— N 

: AV 
| -ethyl-2-methyl cyclohexane cn 3 

3 


Unstable Stable 


g H 
1,3,5-trimethyl cyclohexane ONI ? 
CH; 
CH CH, 
CH, 
1,2,3,4,5,6-hexa methyl cyclohexane om IIT 
CH, CH, 


Saved /storage/emulated/0/Pictures/TouchShot/ 


201708087215635.IpC 


* ane 


32 


MCQ 


Q.1 Which form is more stable among all these arrangements 


(B) н (С) н H (D), CH, 
І Й H 


(b) (с) (d) 


Q.2 Correct order of stability among the following 


H CH, 
і н H 


CH, 
(a) (b) (с) (4) 


(А)с>Ь>4а>а (B)c<b>d<a (C)e<b>d>a (D)c>d=d>a 


Q.3 Which form is more stable in the shown case- 


(A)I (B)II (C)I=II (D) >I 
Q4 Increasing order of stability among the three main conformation (i.c. eclipse, anti, gauche) of ethylene 
glycolis: 
(A) Eclipse, gauche, anti (B) Gauche, eclipse, anti 
(C) Eclipse, anti, gauche (D)Anti, gauche, eclipse 


Q.5  Thecorrectstability order of the following species is 


H H Mc 
H 
VA POR АМ 
Ме H Me 
Me 
a) 
( H (b) H (с) 

(A)c<a<b (B)c=b<a (C)c<a=b (D)a=b=c 


ANSWERS 


Q1 C Q2 A Q3 А Q4 С Q5 С 
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GENERAL ORGANIC CHEMISTRY 


BOND CLEAVAGE 


. Organic reaction is a process in which breaking and formation of covalent bonds takes place. 

. In organic reaction, the organic compound which is converted into a new compound by breaking 
and formation of covalent bonds is known as the reactant or substrate and the new compound 
formed is known as the product. 


. The chemical species (more reactive) which causes the change is called reagent. 
CH,— CH, — Br + OH —> CH,— CH, — OH + Br 
substrate Reagent Product 
or 
Reactant 


Breaking of covalent bond is known as bond cleavage. A bond can be broken by two ways : 


Bond Cleavage 


m~ 


Homolytic Hetrolytic 
Free Radical Cation & Anion 


Homolytic Fission or Homolysis 


. The covalent bond is broken in such a way that each resulting species gets its own electron. This leads to 
the formation of odd electron species known as free radical. 
. Homolytic bond fission gives free radical as the reaction intermediate. 
КОВ — iti 
frec radical 


The factor which favours homolysis is zero or a small difference in electronegativity between A and B. 
Homolytic bond fission takes place in gaseous phase or in the presence of non polar solvents (СС1,, 
CS,). 


Heterolytic Bond Fission or Heterolysis 


. In heterolysis, the covalent bond is broken in such a way that one species (1.e., less electronegative) loss 
its own electron, while the other species (i.c., more electronegative) gains both the electrons. 
ө o 
ASB —›А+В 
Е Thus formation of opposite charged species takes place. In case of organic compounds, if positive 


charged is present on the carbon then cation is termed as carbocation. If negative charge is present on 
the carbon then anion is termed as carbanion. 
° The factor which favours heterolysis is a greater difference of electronegativity between A and B. 


REACTION INTERMEDIATES 


Reaction intermediates are generated by the breaking of covalent bond of the substance. They are 
short -lived species (half life > 107 sec.) and are highly reactive. few important types of reaction- 
intermediates are as follows. 


(1) Carbocation (2) Carbanion (3) Free radical 


2 
Carbocations 


An organic species which has a carbon atom bearing six electrons in its outermost shell and has 
a positive charge is called a carbocation. 


Characteristics of Carbocation : 


(1) Carbocation have a positive charge on carbon. 

(ii) Positively charged carbocation has only 6 electrons in the outermost shell. It has an incomplete octet. 
So it behaves like a lewis acid. 

(ш) Since all electrons are in paired state so carbocations are diamagnetic. 

(iv) ^ Carbocations are sp? hybridised. 

(v) Carbocations are planar with a perpendicular empty p-orbital. Due to planar structure carbocation leads 
racemization in stereogenic conditions. 

(м) Carbocations are formed in polar solvent. 

(vii) It stabilize by presence of electron donating group (EDG) 

Carbanions 


Anion of carbon is known as carbanion. Carbanion carries three bond pairs and one lone pair, 
thus making the carbon atom negatively charged thus carbanion may be represented as 


С 
/\\ 


Characteristic of Carbanions : 


(i) 

(ii) 
(iii) 
(iv) 
(v) 


(vi) 
(vii) 


It is formed by heterolytic bond fission. 

There are eight electrons in the outermost orbit of carbanionic carbon hence its octet is complete. 
It behaves as charged nucleophile. 

It is diamagnetic in character because all eight electrons are paired. 

Hybridisation and geometry : Alkyl carbanion has three bond pairs and one lone pair. Thus 
hybridisation is sp? and geometry is pryamidal. 


Q 


C 
K TN 
Note : Geometry of allyl and benzyl cabanion is almost planar and hybridisation is sp?. 
It reacts with electrophiles. 
It stabilize by presence of electron withdrawing group (EWG) 


Carbon Free Radical 


(i) 

(ii) 
(iii) 
(iv) 


(у) 
(м) 
(vii) 


Carbon free radicals are odd electron species in which carbon atom bears the odd electron. 
Homolytic bond fission of a covalent single bond gives rise to free radicals. 

There are seven electrons in the outer most shell of carbon free radicals. 

Owing to the presence of an odd electron; a carbon radical is paramagnetic in nature. Due to this 
reason free radicals are highly reactive. 

Carbon free radicals are normally sp? hybridized 

Free radicals are neutral electrophiles. 

It stabilize by presence of electron releasing group (ERG) 
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ELECTRONIC DISPLACEMENT EFFECTS (EDE) 


Electronic Displacement effect 


4 
Permanent Effect Temporary Effect 
i 4 
i i i 4 i 
Inductive Меѕотегіс Hyperconjugation Electromeric Inductomeric 
Effect Effect effect effect effect 


INDUCTIVE EFFECT (I-EFFECT) 


The displacement (shifting) of an electron (shared) pair along the carbon chain due to the diffrence 
in electronegativity of the groups present along with carbon chain is known as inductive effect. 
ööt öt б— 
С--—›--С--—›-- C --ә б (С: functional group) 
68 — ô- б+ 
C -—--C --—-C -—G 
But the effect is insignificant beyond third carbon atom. (distance dependent effect) 
This effect is transmitted through the chain of с bonds and diminishes, with increasing chain length. 
Inductive effect is thus 
A permanent effect 
The electrons never leave their original atomic orbital. 
Operates through c bonds 
Polarisation of electrons is always in single direction. 
It is generally observed in saturated compounds. 
Its magnitude (i.e., electron withdrawing or donating power) decreases with increase in distance. 


On the basis of electron realising group (ERG) or elctron withdrawing group (EWG) inductive 
effect, can be of two types. 


— I effect : The group which withdraws electrons is known as — / group and its effect is known 
as — I effect. 


— I power of various group & cation. о 
| 
-NF,7 -NH,> -NO, > -SO,H > -CN > -CHO > -C-R > -COOH > -COOR > 


-CONH, >-F>-Cl >-Br >I >-OH > -OR > -C = CH > -C,H, > -CH = CH, >-H 


— I power of groups in decreasing order with respect to the reference Н 


+ I effect : The group which donates or gives electron is known as + / group and effect is known 
as + / effect. 
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(a) 


(b) 


+4 power of different type groups and anions : 


-c H, > -N H >-O- >-COO > tertiary alkyl> secondary alkyl > primary-alkyl 2-CH, >-H 


+ I power in decreasing order with reference to H-atom 
+ I power of same type of alkyl groups : 
+ I power x number of C's in same type of alkyl group 


CH, - CH, - + / power in 
H. — CH. - CH,- increasing 
For example ic Reni arii order 


CH, - CH, - CH,- CH,- 


APPLICATIONS OF INDUCTIVE EFFECT 


(A) 


(i) 


(a) 


(b) 


(с) 


(4) 


(е) 


Stability of reaction intermediates 
(i) Stability of carbocation (ii) Stability of free Radical (iii) Stability of carbanion 
Stability of carbocation 

1 
Stability of carbocation = Presence of electron releasing group « +1 group x -I group Я 


(CH,),C’ > (СН,),СН'> CH,CH,' > CH,’ 
3° 2° 1° 


© e © © 
CH, — CH, > Br — CH, — CH, > Cl — CH, — CH, > Е — CH, — CH, 
Maximum -I of F 


© E e 
CH,-CH-CH,CH, < CH, -CH, -CH- CH, < CH, -CH, -CH, - CH, -F 
; -CH,-€ з 


Е Е 
Maximum -I Minimum -I 
Minimum distance Maximum distance 


& ® Ф 
CH, - CH, - CH, < os - CH, - CH, < en - CH, - CH 
NO, 


! Е OH 

CH, D, : 
OQ < < 

CH, CH, CH, 

et е °? e 


Note-1 : - DNP Rule : - (Distance Number Power Rule) 
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Example 


© eo 
(a) CH,— CH ~ CH, ~ CH, > CH, ~ CH, ~ СН ~ CH, (Distance wins over power) 
F NO, 
F 
ig 8 | 
{b) CH,- | -CH,«CH,- | -CH, (Number wins over power) 
F NO, 
e e | 
(с) СИ,—СН-СН,<Е-СН-СН,-СН, (Distance wins over number) 
NO. F 
Note-2 


Bredt's Rule : Formation of carbocation, free radical and m-bond at bridge head position is not 
possible due to angle strain. 


m 
COD в head carbon 


Examples :- 


(a) "o (B) Q (©) CY TO 
Not possible 


Stability order: d>a>c>b 


e OQA 


(ii) Stability of free Radical 
1 
Stability of F.R. < Presence of electron releasing group x +1 group © -I group : 


Stability of F.R. decrease in the following order 
(a)  (CH,),C* > (CH,),CH* > CH,CH,' > CH, 
d 2 = 


(b  CH,— CH,» Br—CH, —CH, > Cl СН, —CH, > Е — CH, — CH, 
Maximum -I of Е 


(c) — CH,-CH,» cH, - CH, > CH, - CH, CH, - CH, 
CN NO, 
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(iii) Stability of carbanion 


Stability of carbanion = Presence of electron withdrowing group = -1 group = a 


(à (СН,),С < (CH,),CH < CH,CH; < CH, 
P 2 1° 


[51 e e 
() —CH,-CH,—NO, > CH,-CH,-F > CH,-CH, OH > CH,-CH,- NH, 


e 
(c) CH,— CH - CH, - CH, >CH, -CH, i us CH,» CH,- CH,-CH; CH,-F 


| 
F F 


! CN 


(d) » 


Н, Ө d. Н, E. . 
aki D] у > LJ 


(B) Acidic Strength 
Strength of Carboxylic Acid : Acid strength is measured by the position of equilibrium of 
ionisation in water. 
НА = Ht + A 
acid anion 


a K- HAJ 


a [HA] (K, = acid ionisation constant) 


2 id strength x [H*] x К 
or. acid strength = [H'] x < DK. 


(here pK, = —logK,) 
Acid strength o concentration of [Н?] 
Acid strength « stability of acid anion 


а 8 


Thus strength of acid is the function of stability of acid anion. 


* Stability of carbanion x Presence of electron withdrowing group œ —1 group x 
+I group 


1 
+ group 


The influence of the inductive effect on acidity can be summarised as follows : 


. acidic strength x Presence of electron withdrowing group о —1 group = 
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Acidic strength of carboxylic acid 


(а) 
(b) 
(c) 


(d) 


(e) 


HF < НСІ < HBr < HI 
CH, < NH, < H,O < HF 
CI-CH-COOH < СІ,СН-СООН < ССІ,-СООН 
-11 acid strength T 
H-COOH > CH,-COOH > CH,-CH;-COOH- CH,;,-CH;-CH.-COOH 


+ I power of alkyl groups T Acid strength 4 


CH -OH > CH, -CH , - OH 


| | 
cl хо, 


І П 
(CH,),COH < (CH,),CHOH < CH,CH,OH < CH,OH 


Basic Strength 

Basicity of Amines : 

Basicity is defined as the tendency to donate an electron pair for sharing. The difference in the base 
strength in various amines can be explained on the basis of +I - effect. 


The groups producing +I effects (alkyl groups) tends to intensify electron density over N in amines 
thereby producing a base strengthening effect. 


1 
Thus, strength of base « + I power of group present on — NH, x K, = pKb 


Whereas, a group producing -I effect [-Cl, -NO,] tends to decrease electron density over N - 
atom in amines, thereby producing a base weakening effect. 
1 


: zt т. 
Thus, strength of base = =| power of group prescut oa СИН; = 


K, 


Relative base strength of amines : 


Examples 
(а) К - NH, < R;NH < R,N (b) HO < NH, < NH; 
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MCQ 


Q.2 


Q.3 


0.4 


0.5 


9.7 


Q.8 


Q.9 


Q.10 


Homolytic fission of'organic compound yields- 
(A) Nucleophile (B) Carbanion (C) Free radical (D) Carbocation 


The number of electrons present in the valence shell of carbon of CH, C H, ion bearing +ve charge: 
(A) 8 (B) 7 (C) 6 (D) 4 


Inductive effect refers to - 
(А) c electron displacement along a carbon chain 


(B) complete transfer of one of the shared pair of electrons to one of the atoms joined by a double 
bond 


(C) complete transfer of electron with the help of conjugation 
(D) none of the above 


Most acidic hydrogen is present in- 


(A) Ethyne (B) Ethene (C) Benzene (D) Ethane 
The least acidic among the following acids is- 

(A) Trichloroacetic acid (B) Dichloroacetic acid 

(C) Monochloroacetic acid (D) Acetic acid. 


Among the following which one is most basic- 


(A) NH, (B) CH,NH, (C)CH,CH,NH, (Р) cu,-NH, 
| 
cl 


Which one is the characteristic feature of a free radical : 
(A) presence of positive charge (B) presence of unpaired electron 
(C) presence of even number of electrons (D) associated with high stability 


Benzoylperoxide, when heated to about 80°C gives a- 
(A) Free radical (B) Carbanion (C) Carbocation (D) None of these 


Which one is a 1° carbocation of the following: 


(A) CH,CH, (B)CH,CH—C,H, (С) (CH,),CH (D) (CH,),¢ 


a 
СН; is less stable than 


Өө e e e 
(А) CH;-CH, (В) CH,-CH-CH,(CO) CH;-NO, (0) CH,-CH- C;H; 
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Q.12 


Q.13 


Q.14 


0.15 


0.16 


0.17 


0.18 


0.19 


0.20 


= 
Decreasing order of —I effect of the triad |- NO,,N Hsen] is 


E 8 
(A) -NH, » -NO, » -CN (B) - NH, » -CN» -NO, 
E gu 
Maximum -1 effect is exerted by the group- 
(A) СН. (B) -OCH, (C) -CI (D) -NO, 


Choose the strong base from each of the following pair 


(1) OCH, OH (2)HC=C,CH, (3) Вг, Г (4) СН, , МН," 
(1) (2) (3) (4) 

(A) ОС,Н,, CH, , Br CH, 

(B OH, CH,, Г NH, 

(C) OH, HCaC Br CH, 

(D OH, CH, , & NH, 

Basic nature of H,O*, H,O and OH“ is in order - 

(A) H,O* < H0 < OH- (B) H,O < OH” < HO^ 

(C) ОН < H,O < Н,0° (D) OH- = H,O* = HO 

Which is most stable carbocation 

(A) CH,CH*, (B) CH,* (C)CH,-CH-CH, (0) CH,CH,-CH, 

Among the following compounds, the weakest acid is- 


(A) HC=CH (B) C,H, (C) C,H, (D) CH,OH 


Most stable carbanion is 


Which ofthe following compounds is most acidic ? 
(A) CH,COOH (B) CH,CH,OH (C)CH,CICOOH  (D)CCLCOOH 


Which is the decreasing order of stability 


+ 
CH =o = 
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ANSWERS 
Q1 C Q2 C Q3 A Q4 A Q5 р Q6 С 
Q7 B Q8 A Q9 А Q.10 C оп D Q.12 A 
Q.13 D 0.14 A 0.15 A Q.16 C Q.17 C Q.18 A 
Q.19 D Q20 D 
RESONANCE 


Consider structures of benzene : 


2 
Q 
1 
According to the given structure C,—C, bond length should be smaller then C,—-C, bond length but 
C,-C; and C5-C, bond length must be equal. So this bond length data is not explained by single 
structure so we need two structures of benzene which is following 


1 1 
2 2 
O Q 


Land II are resonating structures of C,H,. 


When a molecule or ion can not be represented by single lewis dot structure and more than one sturcture 
are needed to represent all properties of the molecule these structures are known as resonating structure 
and combined structure of all resonating structure are known as resonance hybrid and this phenomenon 
is known as resonance. 

Resonating structure have the same arrangement of atomic nuclei but differ in distribution of electrons, 
(only л electron delocalised) 

Resonating structure are hypothetical and actual structure is a resonance hybrid. 

Resonance generally occurs when there is a conjugation of x-bonds (alternate double - single - double 
bond arrangement) 


Condition for Resonance : 


(1) 
(2) 
(3) 
(4) 
(5) 
(6) 


(i) Planarity - Atoms considered in molecules must be sp? or sp-hybridised not sp? hybridised. 

(ii) Conjugation - System in which p-orbitals are arranged parallel and continuous to each other is 
considered as conjugated system. 

Negative charge electron alternate to л electron conjugation 

Lone pair electron alternate to x electron conjugation 

п electron alternate to л electron conjugation 

т electron alternate to vacant orbital (Positive charge) conjugation 

п electron alternate to odd electron (free radical) conjugation 

Lone pair electron alternate to vacant orbital (Positive charge) conjugation 


Conjugate positions of the molecule : 


Alternate positions of the molecule having x bond, positive charge, negative charge, odd electron 
or lone pair of electrons are known as conjugative positions. 
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1, 3, 5 are alternate positions having x bonds. Hence these positons are known as conjugate 
positions. 


= CH- CH = CH – CH - CH; 
E 3 and 5 are midi. m 

; "CH- CH = СН - CH = CH - NH, 
1, з, 5, 7 аге ые positions 


Note : Compound having at least two conjugate positions is known as conjugated compound. 


TYPES OF CONJUGATIONS 


(1) 


(2) 


(3) 


Negative charge electron alternate to x electron conjugation : If in a conjugated system л 
bond and O charge at alternate position so conjugation is known as negative charge electron 
alternate to x electron conjugation 


CH, = CH - CH, CH, - CH - CH - CH - CH, 


С Q C 


Lone pair electron alteranate to x electron conjugation : If in a conjugated system x bond 
and lone pair at alternate position so conjugation is known as ёр electron aternate to л electron 
conjugation. 


CH, = CH - NH; CH, = CH - $: 


CH, = CH - CH = СН - CH = CH - NH, 
I E 3 


Он 


LJ 
NH, - 


п electron alternate to x electron conjugation : If x bond alternate with x bond so conjugation 
is known as л electron alternate to л electron conjugation 


CH, = CH - CH = CH, 
| 


1 
1 3 5 ux 3 5 
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(4) п electron alternate to vacant orbital (Positive charge) conjugation : If x bond alternate with 
vacent orbital so conjugation is known as positive charge alternate to x electron conjugation. 


e 
CH; = CH zx CH; 
! 3 
It has positive charge, x conjugation. 


CH, - CH - CH - CH - CH, 


e 
CH, 
OQ о ^^ 


These species has two type of conjugation л electron alternate to л electron conjugation and 
positive charge alterante to x electron conjugation. 


(5) x electron alternate to odd electron (free radical) conjugation : If x bond and odd е are 
in alternate position. 


CH, = CH - Сн, 
CH, = CH - CH = CH - Сн, 


Ô гу ^ 0-0 


(6) Lone pair electron alternate to vacant orbital (Positive charge) conjugation : If lone pair 
and vacant orbital are alternate position 


а LI] т 
CH,-CH-NH, «СН, -СН = МН, 


e .. e 
CH,-CH-OH ——CH,-CH-OH 


H 
BH, 
e oe 8 ТЕ ee ONG M 
CH,- CH - O- CH, SANA S NN T 
Rules to draw valid resonating structures 
E Electron flow occurs from high electron density to low electron density. 
Negative charge — Lone pair electron — z-bond electron — 5° — positive charge 


2. Position of atom cannot be change, only the zx-electrons are delocalised. 
O o? 
|| e | 
Ex. CH,-C-O a CÀ 
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A & B are Resonance forms. 
CH, -c-CH, «——» CH, = C- CH, 
о OH 
Above forms are not resonating forms because position of H is changed. 


Second period elements should not violate the octet rule while drawing resonating structures 


H H 


| $ | 
CH, -CH-CH-N'-H . <*—>-CH, -CH-CH-N-H 


H H 

1 и 
Above structures are not resonance form because in structure II, nitrogen has 10 valence electrons 
which violates octet rule. 


Each Resonating structures must have the same number of unpaired and paired electrons. 


CH, = CH-CH, < CH, - CH = CH, 
I Il 
I & П are resonating structure because both have 8 paired electrons and 1 unpaired electron 
Net charge should be conserved in all resonating structures. 


E o 
CH, -CH-CH = CH, —CH,- CH = CH-CH, 
Net Charge = 0 Net Charge = 0 


Both structures have same net charge so both are resonance forms. 


Rules for stability of resonating structures 


Among various resonating structure non polar resonating structure is more stable than polar 
resonating structure more number of covalent bonds is considered to be more contributing than 
others. 
E ө 
CH, = CH—CH = СН, <» СН, -CH = СН -СН, 


If two resonance structures have same number of bonds then that structure in which octet of every atom 
is complete is more contributing than structure having incomplete octet. 


e e 
CH, -CH- NH, CH, - CH = NH, 


If resonating structures have same number of bonds then the neutral structure is more stable than charged 
structure and if both are charged Resonating structure then less charged resonating structure is more 
stable. 


In case of charged resonating structures, the most stable one is that in which the positive and negative 
charge reside on the most electropositive and most electronegative atoms of the structure respectively. 


CH? -СН=О «СН, = CH- O9? 
(A) (B) 


stability of B>A 
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ÖH б-н д-н о-н 3 

ó— G— 6—0 
<> <> +> 

(1) (и) qm) (Iv) v) 


Hence stability of I1 and IV will be the same and both will be more stable than Ш. The order of stability of 
resonating structures in decreasing order will be as follows : 
1= У> Пеју > Ill 


6. Resonating structure in which like charges аге farer away is more contributing as compared to structure 
in which like charges are closer. 


RESONANCE ENERGY 


The energy differecnce between most stable resonating structure and resonance hybrid is known as 


resonance energy. 
Ы It's the experimental value which is calculated by heat of hydrogenation (HOH) 
. Higher the value of resonance energy, greater is the resonance stabilization. 


Resonance Energy of Benzene : 


9-06 


The resonance energy of benzene is calculated from the heat of hydrogenation as given below : 


@ tH, —» er 
e + ЗН, —— С) +3 х 29 Keal. = 87 Kcal. (Theoretical value) 


but experimental value for benzene is 51 Kcal. so, 
Resonanceenergy = Calculated value — Experimental value 
-87-51 
7 36 Kcal. 


Resonance energy comparison 
l; Consider better resonance or equivalent resonating structures, molecules having equivalent resonating 
structures must have more resonance energy, than non-equivalent resonating structures. 


О О 


| 
eg. RE. CH,-C-O > 


Aromatic compound have more resonance energy than non-aromatic compound, 
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3: In case of larger conjugation, more will be the Resonance energy. 


ZA SS 
4. Resonance energy will be more, when z-bond, lone pair conjugation is present than л, 7-conjugation 


Q о 
AZ < Ag 
MCQ 


Q.1 Which molecule does not show resonance 
(A) CO (B) CO, (С) СО; (D) NO, 


Q.2 Polarization of electrons in acrolein may be written as - 
в” 8 
(A) CH, = CH - СН = О (B) CH, = CH – CH= 0 
Е ; D T 
(C) CH, = CH - CH - 0 (D) CH, = CH -CH= O 


“ 
ОЗ In pyridine ; (ә Number of conjugated electrons аге - 


(A) 6 (B) 8 (C) zero (D) 5 
Q.4 In which compound delocalization is not possible - 
(A) 2-butene (B) 1, 3-butadiene (С) 1. 3, S-hexatriene (D) Benzene 


Q.5 Consider the following compound : 
= CH — CH = CH 
h a 
carbon-carbon bond length between C, and C, will be - 


(A) 1.54 À (B) 1.3 À 
(C) 1.21 А (D) Less than 1.54 and greater than 1.33 À 


Q.6 Which compound has higher resonance energy in the following pairs 
H 
© Гү“ AA 
(А) © an 
(D (II) 


(С) CH,=CH-F  CH,-CH-Br 
(I) (II) 


Q.7  Whichis less stable canonical structure in the following pairs 
© | Ф 
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Q.8 


Q.9 


Q.10 


Q.11 


Q.12 


Q.13 


Q.14 


Which marked atom's lone pair participate in resonance phenomenon 


Which molecules is not showing resonance 


b. 
e DA oQ оС) 


Which molecules is showing z-electron alternate to x-electron conjugation 
e e . 
(А) © (B) СН, = СН ~ СН, (С) СН, = CH- CH, (D) CH, = CH - CH, 


Correct order for resonance energy in the following molecules 
H 


К << 
C» A *» 
(1) aD (1) 
(A) Ш>1> H (B) i=] = 1 (C) IIL «€ I « 1 (D)HI 2121 


In the following canonical structures which is most stable structure 


он T Фон OOH 
O 4—- > +? 
ó 


(l) a) [ШЕ (IV) 
(A) I (B) H (C) Ill (D) IV 


In the following € structures which is least stable structure 


GNH, e GNH, 


(D an e (IV) 
(A) I (B) H (C) Ill (D) IV 


Which is incorrect canonical structure 


О-о-о Q 


(1) (ш) ау) 
(А)1 E П (C) lll (D) IV 
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Q.16 In which molecule resonance phenomenon operates- 


@NH, Фон, 
e 
(A) O (B) О (С) " (D) ш 
H 


ANSWERS 
ОЛА ОА ОЗА Q4A 09.5 р 0.6(А)П, (В), (С)! 
Q.7(A)IIQ-8(B Q9A  QI0A ОПА QIZA 
Q.13C Q.I14B QISC Q16D 


MESOMERIC EFFECT 


(а) 


(b) 
(c) 
(d) 
(e) 
(f) 
(в) 


(h) 


This is a permanent effect where the displacement of conjugational z electrons are influenced by the 
group attached to carbon chain. 

There is a push or pull of л electrons of the conjugated system of molecule. 

M effect operates only in the conjugated system. 

Ifthe conjugation is not available, M effect does not propagate further. 

M- effect has no correlation with the electronegativity of the connecting atom of the group 

M-effect is two type; +M and -M 

+M effect (+R) : If the group pushes the electrons into the л electron system, the effect is said 
as +M effect and the group is called ERG (electron releasing group) or +M group. 


ral & 

e.g. A c £i C-G or 

+ M Effect is shown by : –СІ, - Br, -NH,, -NHR, -NR;, -NHCOCH,, -OH , -OR 
Condition : Electron pair must be present at first atom of group. 

—M effect (-R) : Ifthe x electrons are present system is pulled by the group then the effect is called — 
M effect and the group is called EWG group (electron withdrawing group) or -M group. 


es Ссс x T: 


-M effect is shown by : 
-CHO, С = О, -COOH, -NO,, -CN, —SO 3H, -SO;CI 


Condition : (i) Vacant orbital must be present 
(ii) Multiple bond with more electron negative second atom. 


+ M — effect — order 


1. -CH,»-NH»-0^ 
2. -NH»-NH 
О 
| 
Il CR 
3, -NR,»-NHR»?- NH, >- NH-C-R »- № 
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4. —0^»-OR» -O-CH - CH, 
5.  -NH,»-OH»-F 
6 | -F»-CL»-Br»- I 


— M - effect order 


e 
1. - CH, >-BH, >-PH, 
20 
2. = Mau сезүн eee eee 
O о о о 


The various resonating structures of chlorobenzene, aniline and nitrobenzene are illustrated in 
following — Note that — СІ and — NH, show + M effect and — NO, show — M effect. 


S- p- Gr- 56 


(a) (b) (c) (d) (e) 
ө 8, 
9%) 2 Q „о AN 2 P QP 
c e -> —— = 
Ф 

(а) (b) (с) (4) (с) 
Note : 
(0) Thus, mesomeric effect works at only ortho & para position, it is absent ọn meta position, while 


inductive effect works at all three position o, m, p however intensity of effect decreases as the 
distance increases. 


(ii) Mesomeric effect always dominates on inductive effect except halogen (CL, Br, I, only). 


APPLICATION OF MESOMERIC EFFECT 


Stability of reaction intermediates 
(i) Stability of carbocation 
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Example: Stability order : 


ü Сн, -С-сн= CH, »CH,- -CH-CH- CH, »CH,- CH=CH, 
CH, 


e e E 
@ ^ CH,=CH-CH,> CH,- CH,-CH,»CH, -CH-CH,-— CH, 


e e e 
(iii) ( Và. « ¢ У-е, < ( у-н, 


Maximum resonance 


«Ote Le Dia 
el С 


(i)  (C,H cr, H ), CH»C, н, CH, >CH, = CH- -CH,»(CH, ),C>(CH, ,CH» 


Ф 
CH,-CH, » CH, »CH, =CH>CH = C 


„ Or Ore Она 


(viii) СН, = CH - CH, CH, - CH, 
allyl carbocation benzyl carbocation 
Number of resonating Number of resonating 
Structures = 2 Structures = 4 


Hence the benzyl carbocation is more stable than the allyl carbocation. 


ө ён, 
GH, CH, 
Y. Q 
(1) (1I) (Ш) 
Increase іп Іпсгеаѕе іп Increase in 
positive charge by positive charge Positive charge by 
-I and ~ R effect only by —I effect -I and ~ К effect 


stability order II > III >I 
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ён 

8 

ён, Сн, i 

(x) = 

(1) (Il) (Ш) 
Stabilised by + R effect Stabilised by + R effect 
destabilised by -I effect rr reper destabilised by -I effect 
-I power is maximum -| power is minimum 
(due to distance) {duc to distance) 


stability order II > I > II 
(ii) Stability of carbanion : More resonance in carbanion, more stability of carbanion 
Example: stability order for following 


А ө ө e 
(i) CH,=CH-CH,, CH,-CH. CH,-CH, 
I П Ш 
stability order I > II > Ш 


e e e 
(ii) CH; -OH > CH,-CH,-OH > CH,;- CH, -CH, -OH 
maximumí(-1) Minimum (-1) of OH 
e ә el e 


I Il I 
stability order 1 > HI > H 


ө o H 
(v) А > 
гезопалсе more resonance localized @ charge 


1 П IH 
stability order II > I > Ш 


e e [2] e e 
(v) (C,H.),C» (C,H.), CH 2 C.H,CH, > CH, =CH-CH,>CH, =CH 


ө ө © e 
CH, > CH, -CH, >(CH,), -CH » (CH), C 


v O> Ode Qro 


2? anion 1° anion 3* anion 
I П ПІ 
ён, ён, ён, 
мо, 
(vii) = 
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Сн, 
og б 
осн, H, 
| 


ll Ш 
stability order Il > 1 > Ш 


(iii) ^ Stability of free radicals. 
. More resonance, more stability of free radical. 


Example: Stability order 


(i) CH:-CH-CH, CH,-CH  CH;-CH-CH-CH-CH, 
f "t 
less resonance no resonance more resonance 


stability order III > I > П 


„б. OG. © 
1 i ul 
resonance тоте resonance localized 
stability order II > I > Ш 
Gi) — (CH), > (CH), CH > (CH)CH, > CH, =CH-CH, > (CH),€ 


> (CH,),CH > CH, CH, » CH, 
ACIDIC STRENGTH 


+ А 


(ag) 


нк] 
НА 


For an acid HA „ = Н 


[Г] 


from law of mass action, K, = 


where , K, — Acidity constant, or dissociation constant of acid 
K, — Explain the strength of acid 

pK, =- log К, , K,« Acidic strength « 1/ pK, 

pH = ~ log [H°] 


I 


Acidic strength « stability of conjugate base x — M effect = NT x -l x 1 
2 + 


Acidity of Phenol v/s alcohol 
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R-OH —" ^, 4-09 + H° 
Alcohol no resonance 
thus acidic strength of phenol > alcohol 
more is the stability of phenoxide ion more will be the acidity of phenol 


Acidity of Substituted Phenols : Acidity of substitued phenols depend on the stability of the 
phenoxide ion because acidity is the function of conjugate base. 


H У, 
NO, NO, 
— *H 


o 
o 


3 
2 


(1) 


Stabilised by-R and -1 
effect and -I 
power is maximum 


H 
—> +H 
NO, NO, 


o 
о 


o" 


(II) 
Stabilised by -1 
effect only 


н " 
—— +H 
NO, NO, 


NO, 
(IIT) 


Stabilised by-R and -1 
effect and —I 
power is maximum 
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Thus according to stability of anions o-derivative will be more acidic than p-derivative which will 
be more acidic than m-derivative. But result is as follows in case of nitrophenols, p-derivative is 
more acidic than o-derivative which is more acidic than m-derivative. In o-derivative , there is 
intramolecular hydrogen bonding which decrease acidity. Thus order of acidity is as follows : 


H OH н н 
> > > 
NO. 
NO. 


Acidity in decreasing order 


Acidity of substituted benzoic acids Ortho substituted benzoic acid is always a stronger acid 
than m- and p-derivative. This is known as ortho effect 


COOH COO" 
NO, NO. 
— -H 


nA mo. 
GG os dd 


(1) е 


Thus, anion is stabilised by -R and -1 effect and — | power is maximum. 


соон COO 
- ——> Q +H 
NO, NO, 
i 
C= 
NO, 
(1) 


Anion is stabilised only by —1 effect of NO, group 
COOH 3 


— +1 
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o 
о о 
bw, A Z 
Q — Q 
^ cdi t N—6 
(Ш) 
Anion is stabilised by -R and —I effect of NO, group 
COOH COO 
— +H 
IV 
o 
za 
(IV) 


Thus decreasing order of the stability of these anions is follows: I > Ш> П > IV 


We know that ortho derivative is the most acidic therefore decreasing order of acidity of these 
acids is as follows : 


оон OOH ‘OOH H 
> > > 
NO, 


Acidity in decreasing order 


BASIC STRENGTH 


For an base, BOH, „= Bpa + ОН, 


from law of mass action, K, = кырны 
'* [вон] 
where , K, — Basicity constant, or dissociation constant of base 
K, — Explains the strength of base 
K, x Basic strength x 1/ pK, 


pK, = - log K, 
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1 1 
basic strength ос +M = -M € ie — 
Basicity of Aromatic Amines : Basicity of nitrogen containing compounds æ Electron density on 
nitrogen. 
In aromatic amines, lone pair of elecrons present on nitrogen is delocalised, hence electron density 
decrease due to resonance. 


Ex. C.H.NH, is less basic than CH,NH, 


© NH. жа res CY NH-CH, 


lone pair is participating іп no resonance of lone pair lone pair is participating in resonance 
resonance so maximum basic and +1 of CH, 
(l) (1) (n 


basic order II > Ш > I 


Effect of cross conjugation on basicity : 


Ө 


о о 
С 1 CY | е 
О 
Due to delocalisation and — I effect of D CN group, amides are less basic than amines. 


о 


E ua 


In this amide there is cross conjugation which increases basicity; thus С,Н,СОМН, is more basic 
than CH,CONH,. x bond of C = О group is in conjugation to benzene ring as well as lone pair 
of NH, group. 


AROMATICITY 


(a) Aromatic Character of Compounds : According to the Huckel rule, a compound will be aromatic if 
it fulfils the following four conditions : 
(1) Compound should be cyclic 
(ii) Compound should be planar or nearly planar. 
(iit) Compound should be conjugated through out ring 
(iv) Compound should have (4n + 2)x conjugated or delocalised electrons where n is a whole number 
n*»0, 12,3,4,5,6, 2. 
n= 0, 1, es 3, 4, dein 
(4n + 2)zelectron = 2 6 10 14 18 ER 


Examples : 
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(b) 


(с) 


(Е) 


790 


Antiaromatic Compounds : According to Ниске! rule, compound will be antiaromatic if it fulfils the 
following four conditions : 


(i) Compound should be cyclic 
(ii) Compound should be planar. 
(ii) ^ Compound should be conjugated through out ring and 


(iv) | Compound should have (4п)л conjugated or delocalised electrons where n is a whole 
number 


n=1,2,3,4,5,6 
(4n)zelectron = 4 8 12 16 20... 
e 2 
Eame О A. Q 


Non aromatic compounds : these compounds are niether aromatic nor antiaromatic 


m O V. О. О 


(1I) (Ш) (IV) 


Although cyclooctatetraene has (4n)r electrons but even then it is not an antiaromatic. Geometry of this 
compound is non planar. Thus it is non aromatic. II, III? & IV" compounds аге not completely 
conjugated. 


Note : Due to Aromatically extrastability is achieved by aromatic molecule, than non-aromatic or 
antiaromatic molecule. 


Bond order : Bond order in conjugated compound or bond order in compounds which exhibit 
resonance 


Total number of bonds between two atoms 
Number of resonating structures 


Bond order = 


For examples : 


one bond Two bonds 
[т bonds on 
<+—» this carbon is 
2 2+1 
Bond order of carbon in benzene = —— = 1.5 


2 
Example : Give the correct order of bond length of following mentioned compounds. 


(i) CH, -CH, 4 NH, (i) CH, - CH - ХН, 
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MCQ 
Which of the following carboxylic acids is most acidic in character - 
(A) o-methyl benzoic acid (B) m-methy] benzoic acid 
(C) p-methyl benzoic acid (D) Benzoic acid 


Which one of the following is most acidic- 
(A) p-nitrophenol (B) phenol (C) m-nitrophenol (D) o-nitrophenol 


Consider the follownig carbocations - 


e Ө 8 e 
(a) CHy- CH, (b) CH=CH (с) CH,=CH -cH, (d) C,H; – CH; 


Stability of these carbocations in decreasing order is - 
(A)d>c>a>b (B)d>c>b>a (С) с> а> Б> а (D)c>d>a>b 


Increasing order of acid strength among р - methoxy phenol, p-methyl phenol and p-nitrophenol is- 
(A) p-nitrophenol, p-methoxyphenol, p- methylphenol 

(B) p- methylphenol, p- methoxyphenol, p-nitrophenol 

(C) p-nitrophenol, p- methylphenol, p- methoxyphenol 

(D) p- methoxyphenol, p- methylphenol, p- nitrophenol. 


The groups which when present in para position tend to decrease the acidity of phenol are- 
(A) -NO, (B) -CN (C) -OCH, (D) -F 
Which free radical is the most stable - 


(A) C,H,- CH,  (B)CH,=CH-CH, (C)CH,-CH-CH, (D)CH,- C- CH, 
| 


CH, 
Which carbocation is the most stable - 
m T e 

ён, Сн, CH, CH, 
(A) О (В) Q (C) Q (D) Q 

CH, OH Ci NO, 

ANSWERS 

Q.1 A Q.2 А Q.3 A Q.4D Q.5C Q.6 A Q.7 B. 


HYPER CONJUGATION 


Introduction 
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(1) 


(i) 
(ш) 


CH, CH, 


| e | e Ф © 
CH, - C - CH, > CH, - CH - CH, > CH, - CH, - CH, > CH, - CH, 
| 


CH, 
But acutally order should be reversed which is explained on the basis of hyper conjugation. 


H* 1 
-— à t a à 
H—C—CH = CH, <—> H—€ = CH—CH,4—*H c = CH—CH, 4—*H—C = CH—CH, 
H H H 


H* 
(1) 2) (3) 


Definition :- Delocalization of conjugated (С-Н) sigma electrons with m-bond or positive charge 
or free radical is called hyperconjugation or H-effect. 


A, 


hyperconjugating structures may be written involving “no bond" between the alpha carbon and 
hydrogen atoms so known as *no bond resonance." 


Nathan baker observed this effect so known as "Nathan baker effect" 


It is also permanent effect 


Condition for hyperconjugation: 


(i) 
(ii) 


Compound should have at least one sp^-hybrid carbon of either alkene, alkyl carbocation or alkyl 
free radical. 

a-carbon with respect to sp? hybrid carbon should have at least one hydrogen. If both these 
conditions are fulfilled then hyperconjugation will take place in the molecule. 


TYPES OF HYPERCONJUGATION 


() 


(ii) 


(iii) 


с (C - Н), vacant orbital (positive charge) hyperconjugation : This type of conjugation 
occurs in alkyl carbocation. 


T a E а e о 
CH, - CH, CH, - CH - CH, CH, - £n CH; 
CH; 
no. of a H=3 no. of aH = 6 no. of aH=9 


c (C — Н), z hyperconjugation : This type of conjugation occurs in alkenes. 


сн, 
CH,- СН = CH, CH,- CH-CH = CH, CH, - ds CH - CH, 
a | a 
CH; бн, 
no. of a H = з no. of aH=1 no. of aH = 0 


с (С-Н), odd electron hyperconjugation : This type of conjugation occurs in alkyl free 
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LJ a . а 

CH, - CH, CH,- C- CH, 

u sp? | 
CH, 


Note: Carbanion never shows hyper conjugation, if there is опе -C—H sigma bond altemate with 
negative charge then there will be no H-effect 


Hyper conjugating structures due to hyperconjugation may be written involving “no bond" between 
the alpha carbon and hydrogen atoms. 


H H E н 


| x ө ө | o ө 
H-C-CH=CH, +—› H-C=CH-CH, +—» H C=CH-CH, «—+» Н – C=CH - CH; 
| | | 
H H H He 
In the above hyper conjugating structures there is no covalent bond between carbon and hydrogen. 


From this point of view, hyperconjugation may be regarded as * no bond resosnance ”. 
ordere of effectiveness of hyperconjugation : a C-H bond > a C-D bond > a C-T bond 


APPLICATION OF HYPERCONJUGATION 


(A) Stability of Alkyl Carbocations : Stability of alkyl carbocations « number of hyperconjugating 
structures ос number of a-hydrogens. 


Ex.) CH, CH,- CH, | CH,- CH - CH, CH, - Č- сн, 
CH, 
(I) (II) (Ш) (IV) 
no. of a H=0 no. of a H = 3 no. of a H = 6 no. of a H=9 


stability order IV > IIl > II» I 
Ф 
ён, н. 
CH, CD, 
(ш) б. б. б. С 


a CH, a CH.-CH, ый H,C- p 
cu, pue 
(3aH) (2aH) (laH) (OaH) 
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(B) Stability of Alkenes :Hyperconjugation explains the stability of certain alkenes over other alkenes: 
Stability of alkenes oc Number of alpha hydrogens < Number of hyperconjugating structures 
Ex) CH,-CH-CH,  CH,-CH,-CH-CH, CH,-Cit-CH = CH, 
CH, 
(I) (1) (Ш) 
stability order I > П > Ш 
CHN, 2 CH, CHN, CHNS 
i C=C C=CH-CH C=CH 
O сн CH, CH,~ : CH,~ : 
(D (II) (Ш) 


(С) 


(i) 


(D) 


Ex. 


stability order I > П > Ш 


CH, CH, 

| | 
H, H-CH,  CH-CH, JH,C-C-CH, 
O- CO- Ò 


Stability of Alkyl free radicals : Stability of alkyl free radicals can be explained by 
hyperconjugation. Stability depends on the number of hyperconjugating structures. 


structure 
CH, CH;-CH, CH,-CH-CH, CH,- C- CH, 
| 
CH; 
(1) (II) (HI) (IV) 
no. ofa H = 0 no. of a H = 3 no. of aH = 6 no. of aH = 9 
No of hyperconjugating Structure 0 3 6 9 
other then given structure 
Stability is in increasing order IV» Ш> П >] 


Bond length in alkenes: More is the number of hyperconjugating structures, the more will be 
single bond character in carbon-carbon double bond. 


The bond length between carbon-carbon double bond « number of hyperconjugating 
Structures. 


a b с 


(i) CH, - CH- CH - CH,. CH, - CH = CH,» CH, = CH, 


Bond length order > a>b>c 
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(ii) © ’ © ‚ » Bond length order а>Ь>с 
а > b—> с—›> 


CH, CH,- CH, p s 
CH, 


(E) Electron releasing (or donating) power of (-R) in alkyl benzene : CH, — (or alkyl group) is 
+H group, ortho-para directing group and activating group for electrophilic aromatic substitution 
reaction because of the hyperconjugation. 


i н ; 
à" 


d RE à 


The electron donating power of alkyl group will depends on the number of hydrogens present on 
a-carbon. The electron releasing power of some groups are as follows - 


CH CH, 

-CH,> CH,- CH,- > Non- > CH,-Ç- 
CH; m 

) 


Electron donating power in decreasing order due to the hyperconjugation 


(F) Heat of hydrogenation (HOH) : 
R-CH=CH, + Н, —9 R-CH,CH, + AH 

(a) heat evolved when 1 mole of any unsaturated hydrocarbon are hydrogenated is called heat of 
hydrogenation (AH) If alkene is more reactive towards hydrogen then it will evolve more AH. 


1 1 
stability of alkene numberof a-H 


(b) AH « number of x bonds 

(c) It is exothermic process (energy release) 
Examples of HOH order 
(i) CH,= CH - CH,- CH,» CH,- CH = CH - CH, 
(ii) CH, = CH-CH,-CH, « CH, -CH - CH - CH 


CH, 
Ct. Сї 


Heat of combustion (HOC) 


3erev nberated dur 


So, 
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HOC comparison 
HOC x No. of carbon-atoms 


«ООРОО 


НОС = Stability of hydrocarbon 


(a) (b) (c) (d) 


9a Sa 2a la 


d>c>b>a 


Note : Reverse Hyperconjugation (-H effect) : 
The phenomenon of hyperconjugation is also observed in the system given below : 
X 
| 
-c-C-C where X - halogen 
| 


In such system the effect operates in the reverse direction. Hence the hyperconjugation in such 
system is known as reverse hyperconjugation. 


CT a cl CI 
+ | | 
CITC CHÈCH, «—» сс -сн-Сн, «—+ ё б=сн- ён,+—» Cl- è- сн-ён, 
| | 
С! c ci 


The meta directing influence and deactivating effect of -CX, group for electrophilic aromatic 
substitution reaction can be explained by this effect. 


| | | x 
| 
хс Э cx С 
+> — «——» 
E 


ELECTROMERIC EFFECT : (E-EFFECT) 


х It is temporary effect. 
The organic compounds having a unsaturation (a double or triple bond) show this effect in the 
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The effect is annulled as soon as the attacking reagent is removed from the domain of the reaction. 
It is represented by E and the shifting of the electrons is shown by a curved arrow (7x). 
When inductive and electromeric effect operate in opposite directions, the electomeric effect 
predominates. 

There are two distinct types of electromeric effect. 

Positive Electromeric Effect (+E effect) : In this effect the z-electrons of the multiple bond are 
transferred to that atom to which the reagent gets attached. For example : 


e 
>С б. H—>C-C< 
{attacking ! 
reagent} H 


Negative Electromeric Effect (-E effect) : In this effect the x-electrons of the multiple bond 
are transferred to that atom to which the attacking reagent does not get attached. For example. 


e 
>с C «CN EM x Z 
pe CN 


ATTACKING REAGENTS 


The species which attack on a substrate and form a product is called as attacking reagents. 


Substrate - Reactant which is less reactive is generally taken in greater amount. 


(A) 


Attacking reagents are of two types 
(A) Electrophile (B) Nucleophile 


Electrophiles or electrophilic reagents (E^): 

(a) They are electron deficient species. 

(b) They have a tendency to accept electron from another molecule 

(c)In a reaction, an electrophile attacks the substrate at the point of maximum electron density. 
(d) Neutral molecule having electron deficient centre, CCI, CO, 


Types of Electrophile : 


() 


(ii) 


Positively charged electrophiles 


oo o о 
H NO R(CH, C.H): SO,H 


Neutral electrophiles 

(a) All Lewis acids as : BF,, AICI, SO,, ZnCL, BeCL, FeCl,, SnCl, 

(b) Free radicals, carbenes acts as electrophiles. 

(c) Transition metal cations are electrophiles, e.g. Fe*, Fe*, Ар”, Cd" etc.] 
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(В) Nucleophlic reagents or nucleophiles : 
(a) They are electron rich species so they have a tendency to donate electron pair. 
(b) All nucleophiles are lewis bases. 
(c) They attack the centre of minimum electron density in a molecule in a chemical reaction. 
Types of Nucleophile : 
(i) Negatively Charged nucleophiles : 

F, СГ, Br, Г, OH, CN, RCOO, RO, КУ, К-С е С, NH,, SH etc. 
(ii) ^ Neutral nucleophile containing lone pair : 

H.Ö, R- OH, R- ÓO- К, NH, R - ÑH, 
(iii) ^ melectron containing compounds 

CH, = CH,, СН = СН 

(C)  Ambiphiles: 

Ambiphiles are those which act as both electrophile and nucleophile. 

Example : 


R - CH = б, RCOR, RCOOH etc. 


Electrophile Nucleophile 
ee [Sepplies he electron pair 
| 3 Elson deficient (electron loving) 


Usually positively charged species Usually negatively charged species 


EB Attacks the points of high electron density — | Attacks the point of low electron denisty 


© О © 7 Cr. BET 
| 5 pe H, CH,, CO, NO c.g., F, СГ, Br, E, H,O 


Q.1 


MCQ 
Find out the correct statement(s) about given compound 
H,C=CH,  CH,-CH-CH, Ет b apt OS 
! t t N / 
a) a) mü (IV) (V) 


(A) Order of Heat of Hydrogenation & Heat of combustion is same 

(B) Order of Heat of Hydrogenation & Heat of combustion is different 

(C) Order of rotation barrier energy for marked bond is I > П> V > IV > Ш 
of Вошла nointis V > ~ УЦ 
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2.1 


2.2 


2.3 


2.4 


GASEOUS STATE 


INTRODUCTION 


A given substance may occur in solid, liquid or gaseous phase depending upon the relative value of 
two tendencies namely Mutual Attraction (MA) and Escaping Tendency (ET) 

if MA is greater than ET then substance will occur in solid state 

if MA is slightly greater than ET then substance will occur in liquid state 

if MA is very much less than ET then substance will occur in gaseous state 

Out of the three states of matter, we will study the gaseous state. 


This state of matter is characterized by sensitivity of volume change with change of pressure and 
temperature. It is due to large distance between molecules as compared to their own dimensions. 


Gaseous state can be defined as collection of molecule far apart and continuously in motion. 


MEASURABLE PROPERTIES OF GASES 


Mass : The mass of gas is generally used in the form of number of moles which is related as 


| — a 
EE a ine df gases M 


Two other useful formulae to calculate number of moles of gas аге – 


no. of molecules of given gas |» 23 


= ber of moles ———— ———————— 
(ii) ^ number of moles Avogadro's number of molecules 


oe __ volume of given gas in litres at STP 
(iii) no. of moles DAL 
Volume : Volume of gas is volume of the container in which it is present, i.e. space which the gas 
molecules can occupy. 


Relation between different units of volume 
1 m? = 10? dm? = 10? litre =10° cm? = 10° ml = 10° mm’. 
Temperature : Degree of hotness or coldness of a body is measured by temperature 
K-273 F-2 


100 100 180 
C - Celcius scale, K - Kelvin scale, F - Fahrenheit scale 


Note : /n all the problems of gaseous state (i.e. in all gas law equations), temperature must 
be expressed in kelvin scale. i.e., t°C + 273.15 = TK 


Pressure : Pressure of gas is defined as the force exerted by the gas on the walls of its container. It is 
often assumed that pressure is isotropic, i.e. it is the same in all the tree directions. 


2 


Units and determination of pressure of gas : 
(a) In SI unit the unit, of pressure is the pascal (N/m?) instead, the unit bar, kPa or MPa is used, generally. 
1 bar = 105N/m? = 100 kN/m? = 100 kPa 

(b) Pressure is also stated in mm or cm of mercury. 

1 atm = 760 mm Hg = 1.01325 bar = 1.01325 x 105 Ра = 101.325 KN/m? = 1.0332 Kgf/cn? 

1 Ра= 1 Nm? = 1 Кот! S^! 
11. = Idm? = 107 m? (SI unit) 
I Latm= 101.325] 
М  IxlÜxkg 1 


1 M Lx 10? kef 
—= =l SS — * 
т? m^ 9.8х10*ст: 98 вте" 


| 
-— Pa = > 
1 Torr 98 Ра = 133.322 Pa 


(c) The pressure relative to the atmosphere is called gauge pressure. The pressure relative to the perfect 
vacuum is called absolute pressure. 


Absolute pressure = Gauge pressure + Atmosphere pressure 
(d) ^ Pressure is measured using a manometer which is a simple device with a horizontal arm and a U-tube 
carrying mercury or any other suitable liquid. 


3. | MEASUREMENT OF PRESSURE 


3.1 Barometer : The instrument used for the measurement of atmospheric pressure is called Barometer. 
It consists inverteda tube filled with mercury in a dish of mercury. The height of the mercury column is 
a measure of the atmospheric pressure at that place. 


vol. of Hg =Area x Height 


-Axh 

Mass of Hg = Volume & Density 
Axhxd 

Force of mercury = Mass х р 
=Axhxd*g 

Р „еко: BAUNONE ЖЕУ 

ressure= = A = hdg 
P=hdg 
P 
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Note : 


3.2 


(I) 


ды = 13.6 g/ml = 13.6 x 10? kg/m? 


_ 1.01325x 10 


- 13.6x10 x9.8 70.76 m = 760 cm = 760 mm 


1. Pressure in liquid is independent on cross section area. It only dependent upon height of column. 
2. Pressure at all the points lying on the same horizontal level are always same. 


P,—P,=0 


Manometer : The instrument used for the measurement of the pressure of a gas called a manometer. It 
simply consists of a U shaped tube containing mercury usually. One limb of the tube is longer than the 
other . Two types of manometers are used. These are 

(i) Open manometer - In this manometer the longer limb is open 

(ii) Closed manometer - In this manometer longer limb is closed 


Open manometer 
(a) iflevel of Hg in the two limbs is same then Р; x 


Даа 


| 
m d 


Ir. 


Gas 


(b) Iflevel of Hg is shorter limb is higher than that of longer limb 


| 7. 
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(с) If level of Hg in longer limb is higher than that of shorter limb 


Ром Pas * hdg 


(ii) Closed Manometer - 
(a) [flevel of mercury longer limb is higher than that of shorter limb 


Р. "з Гь, + hdg 


(b) If level of mercury in longer limb is lower than that of shorter limb. 
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Illustration 


1. A manometer attached to а flask contains NH, gas have no difference in Hg level initially as shown in 
diagram. After sparking into the flask there is difference of 19 cm in the mercury level in two column 
manometer. Calculate % dissociation of NH,. 


| Pam tam 


| Р..= 1 atm 


Sol Р, -latm 


(Level increases 


disseciaton 
ef NH I 


19 5 
Pyn, + Py, + Pu, = к E um мием + H 


2NH, ә N, + 3H, 


Before sparking 1 atm 
А p. ЗР 
After sparking (1 - P) T m 
P ЗР: 5 
пы 
git 
u Pw 
— 1/4 А 
% dissociation = а 100 = 25% 
Density : 
Density may be defined as Mass per unit volume 
а= Ш 
Units : 
CGS : g/cm? 


MKS : kg/m 
Relation : 1 kg/m? = 10? g/cm? 


Note : 1. Mass, volume and no. of moles are extensive properties (that depend on mass) hence additive 
in nature. 
2. Density, Pressure and Temperature are intensive properties (they docs not depend on mass) 
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Illustration 


1. Ina barometeric tube Hg is replaced by H,O then find the height of H,O column. Assume that vapour 
pressure of H,O in negligible. 


Sol h,d,g=h,d,g [d,, = 13.6g mI! 
h,d, =h,d, dno =1 gml] 
76x 13.6=h, x 1 
h, = 1033.6 cm = 10.336m 


Note : Density of Hg is high so column of small height is required. 


2. Calculate the pressure of the gas in following arrangement 
tom AN 
| -: 3. Gas а" 
\ === pa / 
Uri / 
\ — Ld —— 7 
P, = Pg 
At the equilibrium position 
Pn gas * Pus 
76 ст = =P + 50 Р pas 26cm 
Ехегсіѕе 


An open tank is filled with Hg up to a height of 76 cm. l | atm = 76 cm 


Find the pressure at the 38em|----------- Ыыы 

(1) Bottom of the tank y 5 с 1 4 

(2) Mid of the tank aaa] звав 

Atmospheric pressure = 1 atm 1 
Ans. 2atm,l.5 atm 


4. GRAPHICAL ANALYSIS 


Four common equations and their graphical analysis 
(1) Straight line equation 
y=mx+c, m-slope- tan Ө, с = intercept 


If c is zero — straight line passing through origin. 
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(2) Hyperbola 
yx = constant (К) 


_ К 1 
У YS 


Hyperbola graph 
X 


(3) Parabola 


yxx xxy 


(4) Exponential graph 


yse* 


5. GAS LAWS 


5.1  Boyle'sLaw 
It relates the volume and the pressure of a given mass ofa gas at constant temperature. 
Boyle's law states that, “at constant temperature, the volume of a sample of a gas varies inversely 
with the pressure". 
Pa + (when temperature and number of moles are kept constant) 


The proportionality can be changed into an equality by introducing a constant К, i.c. , 


Р = $ or PV=k 
Boyle's law can be verified by any one ofthe following three ways graphically. 


Temperature-constant Tem perature-constant Temperature-constant 
Mass-constant Mass-constant Mass-constant 
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Alternatively, Boyle’s law can also be stated as follows : 
“Temperature remaining constant , the product of pressure and volume of a given mass of a gas is 
constant”. 
The value of the constant depends upon the amount ofa gas and the temperature. 
Mathematically, it can be written as, 

P,V, = PV, = Р,У,=.............. 
Location of straight line and curve changes with temperature in the isotherm shown in the following 
figure. 


Pv 


т, 


T, (T,>T,>T,) 


р = 
(E) 


According to Boyle's law, PV = Constant at constant temperature 


log P + log V = constant | 
log P = Іов V = constant 


PV-k 

InP + InV =k’ 

InP = пу + к" 
inp InP=-inV +k 

Іар = Іа L/V +k' 

у=1ах+с 


iG) 


Illustration 


E A gas is present at a pressure of 2 atm. What should be the increase in pressure so that the volume 
of the gas can be decreased to 1/4" of the initial value if the temperature is maintained constant. 
Sol. PV =constant for a given mass of gas at constant pressure 


=> PV,=P,V, Р, =2ат V,=V V,=W4 P= 
Now, 2xV =P, x> => Р,= 8 atm 


Pressure should be increased from 2 to 8 atm 
total increase = 8 – 2 = 6 atm. 
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Exercise 


1. A sample of gas occupies 10 litre under a pressure of | atmosphere. What will be its volume if the 
pressure is increased to 2 atmospheres? Assume that the temperature of the gas sample does not 
change. 

Ans. 5litre 


5.2 Charle’s law 


1 
It states “at constant pressure, the volume of a given mass ofa gas, increases or decrease by 27318 th 


of its volume at 0°C for every rise or fall of one degree in temperature”. 


V, t 
Vo -]-4 273.15 t (constant n and P) 
t V$(273.15 +t) 
or V, = Vo Can ONE mas 


0°C on the Celsius scale is equal to 273.15 К at the Kelvin or absolute scale. 
i.e. T, (Temperature in Kelvin scale) = 273.15 +t 
V T, V, 
From the above equation we get ҮС V, ^m or Т 
ic.  Thevolumeofa given gas is proportional to the absolute temperature. 
LZ 
T, TE (at constant P) 


e Graphical representation : 


оку -273150 ШС) — 
(А) (B) 


Graphs between V and T at constant pressure are called Isobars. 


InV vs InT 
T, 
: 
T. 
Y v. 
"t M" T — constant (K) 
ит V=KT 
2 InV=InK +InT 


у= С + тх 
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Illustration 

1. А gas occupies a volume of 580 ml at 17 °C. It is heated to 100 °C at constant pressure. Calculate 
the volume of the gas - 
(A) 746 ml. (B) 760 ml. (C) 773 ml. (D) 780 ml. 

Ans. A 


Sol Initial volume (У) = 580 ml, 
Т, = 17 + 273 = 290 К 
Final Volume (V,) =? 
T, = 100 + 273 = 373 K 


У, У 
n nr?’ 


З... 580 _ 
У, = Т, х T = 373 x 290 = 746 ml. 


Exercise 


1. А gas occupies 3 litres at 32 °С and one atmospheric pressure, What volume will it occupy if the 
temperature is changed to 18 °C, the pressure remaining constant - 


(A) 2.91 litres (B) 2.86 litres (C) 2.30 litres (D) None of these 
Ans. B 


5.3 Gay-Lussac's Law 
(а) It states that at constant volume, the pressure of a given mass of a gas is directly proportional 
to its absolute temperature. 


(b) Mathematically - P « T (at constant volume) 
where P = pressure of gas 
T = Absolute temperature 
P = КТ 
or E =K 
Hence, if the pressure of a gas is P, at temperature T, changes to P, at T,, volume remaining 
constant. 
D aeo 
then Ege constant 


log P — log T = constant. 


t 
(© Р = AUS 
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(d) ^ Graphical representation - 


t ge 
Р 
(i) P vs T KE 


T — 
(А) 
NS 
P 
(i) P vs X 
WNO—— 
(5) 
1 — — 
(iii) ^4 V. T " 
T ~> 


(c 


At constant volume, the pressure of a given amount of a gas is directly proportional to its absolute 
temperature. 


5.4 Avagadro’s Law 
(a) According to this law under the same condition of temperature and pressure, equal volumes of all 
gas contains equal no. of molecules. 
V æ n (At constant temperature & pressure) 
Where V = volume 
n = no of molecules 
(b Molar Volume or gram molecular volume is 22.4 litres or 22400 ml of every ideal gas at NTP is 
the volume occupied by its one gram mole and it is called molar volume or gram molecular volume. 
(c) The mole Concept - Mole is defined as the total amount of substance that contains as many basic 
units as there are atoms in 12 g of the isotopes of carbon -12. Thus a mole will be defined as the 
Avogadro no of particles which is equal to 6.023 x 10?*. 
(d) Loschmidt number - It the no of molecules present in the volume of a gas at S.T.P. Its value is 
2.617 x 10? per c.c. 


Avogadro's law V vsn V/nvsn log V vslogn 


Saved /storage/emulated/0/Pictures/TouchShot/ 
20170808 224317. jpc 


* ane 


6.1 


6.2 


IDEAL GAS EQUATION 


This equation is obtained by combining Boyle’s , Charle's and Avogadro's law. 
Vo P ...{i) (at constant temperature and definite mass) 

V x T ....(11) (at constant pressure and definite mass) 

V x п....(111) (at constant temp and pressure) 

Combining eqs. (1), (ii) and (iii) 


Ves x T xn 
У= В х Кор 
Boni: . 

FVSuRT .  # — — ana (1) 

For | mole of the gas п = 1 
PV = RT 

PV; ^ RM PV, PV; 

So LE or LEE (2) 


Where Р, V, T, are the initial pressure, volume and temperature and P,, У, T, are final values. 
The above equation is called as ideal gas equation. 


Ideal gas equation in terms of density 
Let w and M be the mass and molecular mass of a gas; then 


me 
n= м 
w 
Hence, eq. (1) becomes РУ = M RT 
w RT w mass à 
ae RR —- = Density (d 
x: е M' V E Volume t ) 
P- ct RT 3 
or “МАТ nese (3) 


Eq. (3) is modified form of gas equation. The above equations are strictly followed by ideal gases. 


Natures of Molar Gas constant R 
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13 
PV=RT 


PxV _ Pressure x Volume 
= Rey Temperature 


Force Force 
Pressure = “arog (Len gth} 


Volume = (Length)? 


(Length | Forcex Length Work 
So, R = oon E= OT 
Temperature Temperature Temperature 


Thus, the value of the R should always be expressed in units of work per degree kelvin per mole. 


6.3 Numerical values of R 


E 
T 


One gram mole ofa gas at one atmospheric pressure and 0°C (273 K) occupies a volume 22.4 litre. 


Р = 1 atmosphere, Т = 273 К, У = 22.4 litre 
$ p= сне litre-atm K-! mol" 
0, =- "9 itre-atm K^! mo 
If pressure is taken in dyne/cm? and volume in mL, P = 76 x 13.67 x 981 dyne/em?, V 222400 mL for 
1 mole, T=273 K 


p _ 76х13.67х981х22400 


So, 273 


= 8.314 x 10? erg K^! mol! 


Since, 1 joule = 10" erg, so 
В = 8.314 joule K-! mol! 
Since, 1 calorie = 4.184 x 107 erg, so 


_ 8314x10" 
4.184x10" 
= 1.987 =2 calorie K^! mol"! 


Note : Although, R can be expressed in different unit, but for pressure-volume calculations, R must be 
taken in the same units of pressure and volume. 
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14 
Illustration 
1. Pressure of gas contained іп a closed vessel is increased by 0.4%, when heated by 1°C. Calculate 


its final temperature. Assume ideal nature. 
Sol. Since no information is given about volume hence we can assume that volume is constant 


La 

t T 

; 0.04P _ 

given P, =P, T=], PP 100 = 1.004 P, T,=T+1 
P  L004P T -250K 
Fm " ч 


Final temp. = 250+ 1 = 25 К 


1; An open vessel at 27°C is heated until 3/5" of the air in it has been expelled. Assuming that the 
volume of the vessel remains constant find 
(A) _ the air escaped out if vessel is heated to 900K. 
(B) temperature at which half of the air escapes out. 

Sol. On heating a gas ina vessel, there are the number of moles of gas which go out, the volume of 


vessel remains constant. 
Let initial no. of moles of gas at 300 К be ‘п’. On heating 3/5 moles of air escape out at temperature 
T 
. 3 2n 
Moles of air left at temperature T =| n- 5 п |= z 


(А) Ол heating vessel to 900 K, let n, moles be left, 


1 
n,T, =n,T, => n x900=300xn = n in 


Á- 2 
-. moles escaped out = n "з = Сш moles 
(B) _Letn/2 moles escape out at temperature T, then 
mT,-nT, 2  jxT-nx30 = — T-600K 


3. When 3.2 g of sulphur is vapourised at 450°C and 723 mm pressure, the vapours occupy a volume 
of 780 ml. What is the molecular formula of sulphur vapours under these conditions? Calculate the 


vapour density also. 
723 780 3.2 
= — — — — ” 
Sol. PV=nRT => 760 1000 M * 0.082 x 723 
M = 255.9 


; M 
no. of atoms of sulphur in one molecule = 32^ 8 


2. Molecular formula of sulphur = S, 
M 2559 
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Exercise 


Ans. 


5g of ethane is confined in a bulb of one litre capacity. The bulb is so weak that it will burst if the 
pressure exceeds 10 atm. At what temperature will the pressure of gas reach the bursting value? 
457.81°C 


ч 


DALTON'S LAW OF PARTIAL PRESSURES 


Dalton's law of partial pressure states " at a given temperature, the total pressure exerted by two or more 
non reacting gases occupying a definite volume in equal to the sum of the partial pressures of the compo- 
nent gases.” 

Раш ~P; + Р +P; + -.--.(at constant V and T) 


n n, n, RT nRT 

= | —+—+— +... = — = —— 

Е у у IL iic el NET. 
wheren-n, + n, * n, + ....... = Total moles, V = Total volume 


RT 
Prout = 25Р ас? 


If the two non-reacting gases А and B having n, and ny number of moles respectively are filled in a 
vessels of volume V at temperature T. Then 


PV =(n, * ny) RT e iV 
Partial pressure may be calculated as 

p,V¥=n,RT 

p,V=n,RT 
Total pressure (p, + Pg) V = (n, +n,)RT EN 
From (1) and (2) 

Р=р, +рь 
Pa n,RT/V ü .. 


—=——-—————=———=х + 
Р (n,+n,)RT/V п, +, A (mole fraction of A) 


Pa =X, * P, similarly p, =X, x P 
Partial pressure of a component = mole fraction х total pressure. 


It has been observed that gases are generally collected over water and therefore are moist. 
Р =P 
dry gas 


moist gas ^ water vapour 
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— —- Moist 
\ (gas + water vapour) 


Partial pressure of water in air | 


Relative Humidity (RH) = Vapour pressure of water 


water 


Pressure of dry gas = Pressure of moist gas — aqueous tension. 


Illustration 


0.333 grams of alcohol displaced in a Victor Meyer apparatus 171 cm? of air measured over water 
at 15 *C. The barometric pressure was 773 torr. Calculate the molecular weight of alcohol- 
(Aqueous tension at 15 °C = 13 torr.) 


(А) 33.34 g/ mol. (В) 28.80 g/mol. (С) 46.0 g/ mol (D) 13.0 g/mol. 


Ans. C 
Sol Pay gas = 773 — 13 = 760 torr 
am ЗР 
= 6р) = 1 atm 
< РУ = aRT 
1n. 0.333 
1 х 1000 ^ Mw. * 0.0821 x 288 
M = 46 g/mol 
Exercise 
Atmospheric air contains 20% O, and 80% N, by volume and exerts a pressure of 760 mm. 
Calculate the partial pressure of each gas - 
(A) 152 mm, 608 mm (B) 608 mm, 152 mm 
(C) 760 mm both (D) None of these 
Ans. A 
8. AMAGAT'S LAW OF PARTIAL VOLUME 


According to this law at constant temperature and pressure, the total volume of non-reacting gascous 
mixture is equal to the sum of partial volumes of each component gas present in mixture. 
Vig MEN EW F eos 


Partial volume : 
Partial volume ofany component is defined as the volume occupied by that particular component mea- 
sured under the given condition of pressure and temperature. 
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Let us consider a three non-reacting gases A, B and C are present in a container which have number of 
moles п, ,n, and n, respectively. For each gas partial volume is 


RT RT RT 
Vn, (=). ven Z) and Ус (=) 


Total volume : 


R 
Ут= VA * Vg + Vc- (n, * ny * no) (=) "Me (=) 


Illustration 


1. 1 mole of №, and 3 moles of H, are mixed in 8.21 lit. container at 300 К to form NH,. If on equilibrium 
average molecular mass was found to be 34/3 gram then find partial pressure of cach component. 


Sol. N, + 3H, = 2NH, 
Initially 1 3 0 
at equilibrium (1-х) 3(1-х) 2х 


Total moles = | - x + 3 —3x + 2х = (4 – 2x) moles 


; 34 
Given Average molecular mass = — 


3 
34 28(1—x)+ 2(3—3x)+17(2x) = 12 
3 (4-2x) 
So total number of moles =3 
PV-nRT—P- nRT Е 3x0.0821x 300 ő 
Ste ET 8.21 E 
PN, "Ip. 7х9 =] Sam 
_2хх9 2x0.5x9 23 
Рн; = CA xP- T x9 4 Satm 


1 
2. At constant temperature of 273 K, v v/s Pare plotted for 2 ideal gases A and B as shown. Find out the 


number of moles of gas A and B. 


Sol. PV-nRT, P- v nRT 


— 


Comparing by equation : 
y=mx+C 
С=0 
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1 1 
tan 0 = nRT "A RTtanO 
1 1 


n. = 522 1А 
^ 0.0821х 273x tan 45° 22.4 


l l 
пв RTtan60° 22443 


Exercise 


Ans. 


A vessel of 2 lit. capacity contains hydrogen at 380 mm pressure at 27°C. 16 gm of O, is added to the 
container then find the total pressure (К = 0.0821 L atm mol"! K-!) 
6.65 atm 


GRAHAM'S LAW OF DIFFUSION 


Diffusion is the tendency of any substance to spread throughout the space available to it. Diffusion 
will take place in all direction and even against gravity. 


Effusion is the process of gas molecular coming out of container through a small orifice, due to 
presence difference between container and surrounding atmosphere. The process of effusion is 
similar to diffusion and same formula are applicable with the only difference that effusion occurs 
due to presence difference. Effusion always followed by diffusion. 


According to Graham, the rate of diffusion (or effusion) ofa gas at constant pressure and temperature 
is inversely proportional to the square root of its molecular mass. 


1 
roc E , at constant P and T 


n M, 
€ =./>, .atconstant P and T 
2 1 


I, | ; 
Since molecular mass of gas = 2 x vapour density, x = "x , at constant P and T 
2 І 


The rate of diffusion (or effusion) г of two gases under different pressure can be given by 


T, " P, M, 
" = Р. х M, at constant T only. 


ы Volume diffused (V) _ moles diffused (n) 
time taken time taken 
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Therefore, according to Graham’s law of diffusion (effusion) at constant P and T. 
t. М d, M, 


d, and d, are the respective densities and V, and У, are volumes diffused (effused) in time t, and 


where x, and x, are distances travelled by molecules in narrow tube in time t, and t,. 


= moles diffused 
time taken 


Distance travelled in a narrow tube 
"4 time taken 


pressure drop I 
= pressure drop П 


Note: It should be noted that the rate of diffusion or effusion actually depends on pressure difference of 
the gas and not simply on its pressure. Moreover the pressure difference is to be measured for this 
gas only i.e. if a container holds [He] at a pressure of 0.1 atm and ifa small pin-hole is made in the 
container and if the container is placed in a room, then the rate of effusion of He gas from the 
container to outside depends only on its pressure difference, which is 0.1 atm (as their is no He in 
the atmosphere). This implies that the diffusion ofa gas is not dependent on the diffusion of any 
other gas. 

Whenever we consider the diffusion of gas under experimental conditions, we always assume that 
the gas diffuses in vacuum and during the time period for which the diffusion is studied the rate of 
diffusion (or the composition of diffusing or effusing mixture of gases) remains constant. 


Application of graham's law of diffusion in enrichment of isotopes : 


Enrichment of light component : 
If a mixture of heavier gas B and a lighter gas A is placed in constant with a porous barrier, the gas 


M 
passing through will be enriched in lighter component by a factor a. , called enrichment factor 
A 


because lighter molecules effuse more rapidly than heavier ones. The remaining gas will be enriched in 
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| M 
Each passage give an enrichment factor equal to 77 and so thousands of such barrier in succession 
A 


are necessary to provide sufficient enrichment of heavier component. 


| M 
Thus, enrichment factor for first barrier or operation Г, = E 
A 


Д ‘ 
n’, /ny 


<- overall separation or enrichment factor f= Су 
na’ Nng 


Where n,,n, and n’,,n', are the concentration of two isotopically different components before and 
after processing. If required enrichment of gas A is attained in x-operation then, 


' LJ 
n/n'y _ 
n, /ng 


(= А 


ft. 
or x log f, =log "m 
A! Tg 


M, e n', / n'y 
or x log M, =log n,/N, 


x, Mg xi n', /n', 


or x= lo (v) 
M, 
Limitations 


(i) The laws of diffusion and effusion are applicable only when the pressure difference is very small. 
(ii) Correctly speaking the rate of diffusion and cffusion are not constant throughout the time interval, but 
these rates may be assumed constant for a small time interval. 
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Illustration 


1. The pressure in a bulb dropped from 2000 to 1500 mm of mercury in 47 minutes when the contained 
oxygen leaked through a small hole. The bulb was then completely evacuated. A mixture ofoxygen and 
another gas of molecular weight 79 in the molar ratio of | : | ata total pressure of 4000 mm of mercury 
was introduced. Find the molar ratio of the two gases remaining in the bulb after a period of 74 minutes. 

Sol. Тһе molarratio of oxygen and the other gas in the evacuated bulb = 1 : 1 and the total pressure of the gas 
mixture is 4000 mm, hence the partial pressure of each gas is 2000 mm. 


The drop in the pressure of oxygen after 74 minutes 
_ (2000-1500) x 74 


47 = 787.2 mm of Hg 
After 74 minutes, the pressure of oxygen = 2000 — 787.2 = 1212.8 mm of Hg 
г, 32 


Let ће rate of diffusion of other gasber,,then y- x: 19 
o 


32 
Drop in pressure for the other gas = 787.2 x 7^ 501.01 mm of Hg 


Pressure of the other gas after 74 minutes = 2000 ~ 501.01 mm of Hg 


е Moles of unknown gas 1498.99 
Molar ratio = ^ MolesofO, “121?” 1.236:1 


2. Pure O, diffuses through an aperture in 224 seconds, whereas mixture of O, and another gas 
containing 80% O, diffuses from the same in 234 sec under similar condition of pressure and 
temperature. What is molecular wt. of gas? 

Sol. The gaseous mixture contains 80% O, and 20% gas. 


32 x80+20xm,,, 


2. Average molecular weight of mixture (Mmi) = 100 


.. (i) 


Now for diffusion of gaseous mixture and pure O, 


Io. M, Vo, LAS (мы. 
— = р or ——x— = 
n {М Vox to, \ 32 


1 4,234. [Mas Я 
or 24 1 32 srt 
M mi 734.92 


Exercise 
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(1) 


(2) 


CONNECTING CONTAINERS 


When we are connecting two or more containers then the movement of any component of gas occurs in 
other container till the final pressure of the component in all the container become equal (that means 
partial pressure becomes equal) 

To calculate composition of gaseous mixture in any container, we will use diffusion. 


Illustration 


Sol. 


A 10 litre container of 1 mole of gas at 300 К. It is connected to another container having volume 40 litre 
and is initially at 300K. The nozzle connecting two containers is opened for a long time and once the 
movement of gas stopped, the larger container was heated to a temperature of 600 К. Calculate 
(a) Moles and pressure of gas in both the containers before heating. 
(b) Moles and pressure in two containers after heating. (Assume that initially the larger, container is 
completely evacuated) 

(a) Before heating : 

PV -nRT 

(I-x)Rx300 _ xxR x300 

10 4 
X=0.8 moles 


xxRxR 0.8xRx300 
Pressure = — = 7 = 0.492 atm 
(b) After heating : 
(1-х) x300 xjRx300 — x, x R x 600 
10 40 
= 0.67 moles, Given T, = 600 К 


hea ————À ar ———— — M A) Ld SU 


Exercise 


1. 


Sol. 


11; 


A mixture containing 1.12 litre О, and 2.24 litre of H, at NTP is taken inside a bulb connected to 
another bulb through a stop cock with a small opening. The second bulb is fully evacuated. The stop 
cock is opened fora certain time and then closed. The first bulb is now found to contain 0.10 g of D... 
Determine the % by weight of the gases in second bulb. 

41.66 %, 58.33% 


PAYLOAD OF BALLOON 


idees ч a balloon is defined as maximum w = which a balloon can carry with it upward direction. 
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d, = density of gas inside, т = mass of balloon 


w * effective 
weight of balloon 
Payload = d x V x g— [d,, V x g * mg] 


З Buoyancy 
= [Buoyancy force] ~ [effective wt. of balloon] force 
Illustration 
1. Calculate the payload of balloon of diameter 20 meter & weight 100 kg. Ifit is filled with Heat 1.0 atm 


Sol. 


and 27°C. Density of air is 1.2 kgm™. [R = 0.82 dm? atm K^! mol] 
Weight of balloon = 100 kg = 10 х 107g 


3 
4 4 22 (20 
=— nr = —x— x] — x100 
Volume of balloon 3T 122,29, | 


= 4190 х 106 cm? = 4190 x 10? litre 

; ; PV _ 1x4190x10°x4 
weight of gas (He) in balloon = RT” 60834300 — 768.13 x 10+ 
Total weight of gas and balloon = 68.13 x 10* + 10 x 10* = 78.13 x 10* р 


1.2x4190x10* 
Weight of air displaced — — = 502.8 х 10^ g 


-. Payload = wt. of air displaced — (wt. of balloon + wt. of gas) 
г. Payload = 502.8 x 10* — 7813 x 10% = 424 x 104 g = 4.2467 х 10° g 


Exercise 


Ans. 


12. 


(a) 
(b) 


(c) 


Calculate payload ofa balloon having volume 100 litre. It is filled with helium gas at 0.2486 atm pressure 
and 300K. Density ofair is 1.3 gm/litre and mass of material of balloon is 20 gm. 
1060 


KINETIC THEORY OF GASES 


The theoretical model for all the experimental gas laws can be analyse with the help of kinetic theory of 
gases which is based on following assumptions : 

All the gases consists of very small molecules or atoms whose volume is negligible compared to volume 
of container 

There is no interaction between gascous particles (the interaction may appreciable affected under certain 
conditions of temperature and pressure), 

The gaseous molecules are under a state of continuous motion which is unaffected by gravity (the random 
straight line motion is known as brownian motion) 

Due to the continuous motion, collision between gaseous molecules with the wall of container occurs. 
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(e) The molecule moves with different speed. 

(f) All the collision occurring are considered to be perfectly elastic which implies that there is no loss of 
energy. 

(g) The average kinetic energy of gas will depends on absolute temperature only. 


12.1 Equation for kinetic molecular theory 


- ; 1 
Pressure due to collisions of N, molecules on six faces ofa cube = 3 mN,U? 


pV = у mN,U?= $ MU? 
mN, = M (molar mass) 
N, 7 Avogadro's number 
U = root mean square velocity (U ms) 
. Translation kinetic energy ofn mole 
1 » 3 3 
5 Ми“ = 5 PV = 7 nRT 
* Average translational kinetic energy per molecule 
3RT 3 
"SE cy oui 


R 
Where K t3 is called Boltzmann's constant. 
0 


Its numerical value is 1.38 x 107'6 erg K! molecule"! 

Thus average K.E. is proportional to absolute temperature. 

If T = 0 K (i.e., -273.15°C), then average KE = 0 

Thus absolute zero (0 K) is the temperature at which molecular motion ceases. 


Illustration 

1. Calculate the translational kinetic energy for one mole and one molecule of a gas at 300 К. 

Sol Translational kinetic energy per mole = 3/2 RT = 3/2 x 8.314 x 300 = 3741.3 J/mole 
Translational kinetic energy per molecule = 3/2 KT = 3/2 x 1.38 x 1072? 2 6.21 x 1072! 


Exercise 


1. Calculate the translational kinetic energy for one mole and one molecule ofa О, at 227°C, 
Ans. 6235.5 J/mole, 1.035 x 107? 


12.2 Different types of molecular velocities 


(i) Root mean square velocity (Un) : It is defined as the square root of the mean of the squares of the 
velocities possessed by all the molecules present in the given sample of gas 


Saved /storage/emulated/0/Pictures/TouchShot/ 
20170808 224325. ipa 


* ane 


25 


"um — Bev [Rr P 
— root mean square elocity "M YM d 


Where d is the density. 
If N, molecules have velocity u, and N, molecules have velocity u,, then 


(ii) ^ Average velocity (U, ) : It given by the arithmetic mean of square of the different velocities possessed 
by the molecules of the gases at a particular temperature. 
е U, +U, +...U, 
n 


.a. _ JSRT 
U „(average velocity) = m 


(ii) ^ Most probable velocity (U mp) : Itis defined as the velocity possessed by the maximum number of 
molecules ofa gas at a given temperature. 


U 


av 


: 2RT 
U mp (most probable velocity) = (= 


If P and T both are given, use equation in terms of temperature i.e. use 


[3RT 3PV 
C= IM and not M 


To have velocity in ms“! (MKS) take R= 8.314 J mol! К!, M in kg. 
If density is in kg m? and P in N m7, velocity will be in ms“! 
Relation between rms velocity, average velocity and most probable velocity. 


RT BET [2RT 8 
Uu Us" EU mE ART L g үр: yp =12348:11284:1 


О = 1.2248 U mp 
U,, = 1.12840 
Um = 1.0854 U,, 
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Illustration 


Calculate Uns» Uaw» U,,, at400 К for hydrogen molecule. 


av’ 


So. Up, _ [жт раза ie | 
" M Y 2x]! е 


U,, = 1.128 U,„„ = 2057.8 m/s 
U, = 1.2248 Ump = 2233.5 m/s 


Exercise 


Calculate И, Ue , Uj at 600 К for oxygen molecule. 
Ans. an 558.4 m/ 
п. = 630.0 mA. 


ау 


0, = 683.9 m/s 


13. MAXWELL DISTRIBUTION OF MOLECULAR SPEED 


(a) The speed ofa molecule ofa gas changes continuously as a result of collisions with other molecules and 
with the walls of the container. Thus the net result is that we cannot speak of the specd of individual 
molecule; hence must consider the statistical averages of the speeds of the whole collection of gas 
molecules. 


(b) The manner in which the molecules ofa gas are distributed over the possible speed ranges, from zero to 
very high values, was first investigated by Maxwell using the theory of probability. His results are ex- 
pressed as the law of distribution of molecular speeds, one form of which is 


mU? 


dN = өн (==) KT 
T" | 2RKT e 


(c) The above expression gives the no. of molecules dN having speeds between U and U + dU in terms of 
total no. of molecules №, present in the gas. m is mass of single gas molecule and T is the absolute 


temperature of gas. 
d | 1 ( dNu 
(d) The Maxwell distribution of speeds is customarily plotted with the fraction == Nl du / 2% the ordinate 
and U as the abscissa. 
TT, 
t «T. 
14м _ HS) 1 dN 
мао dU\N 'NdU 


ела 
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So. tt | dN 
о, the term, = N dU 


speed. Roughly speaking, this gives the probability of finding a molecule with a speed between u and 
(u du). The distribution oftwo temperatures is shown in the fig. 


= represents the fraction of molecules in the speed ofu to u + du per unit interval of 


(e)  Thecurveat any temperature is parabolic near the origin, since the factor u? is dominant in this region, 
the exponential function being approximately equal to unity. At high values ofu, however, the exponential 
factor dominates the behaviour of the function, causing it to decrease rapidly in value. As a consequence 
ofthe contrasting behaviour of two factors, the product function passes through a maximum at a speed 
known as the most probable speed (И ps)” Thus, the most probable speed is the speed possessed by 
the maximum fraction of the molecules. 


(f) It can be seen from the given figure, that the fraction of molecules having either very low speeds or very 
high speeds are small in numbers. The total area under the curve gives the total no. of molecules in the 
collection, i.e. the no. of molecules comprising of all speeds. The area under the curve between any two 
speeds, for example, U, and U,, gives the total no. of molecules having speed between these two 
values. 


(g) The given figure illustrates the distribution of speeds at two temperatures T, and T,. Since the total no. 
of molecules is the same at both temperatures, increases the К.Е. of the есек, it follows that 
fraction of molecules having lower speed range decreases on decreasing the temperature whereas frac- 
tion of molecules having higher speed range increases on increasing the temperature. 


(h) ^ Also the curve at the higher temperature T, has its U „ps shifted to a higher value compared with that for 
T,. whereas corresponding fraction molecules has decreased. But at the same time, the curve near U 
has become broader at the higher temperature indicating the more molecules possess speeds near to 


most probable speed. 
Illustration 
1. For a sample containing О, and SO, mark out the incorrect statement 


(A) At same temperature average speed of О, is greater than that of SO,. 

(B) If absolute temperature of O, is half to that of SO, gas than the speed distribution curves will be 

different. 

(C) At same temperature & at lower speed, fraction of molecules of SO, will be greater. 

(D)Atsame temperature & at higher speed, fraction of molecules of O, will be greater than that of SO, 
Ans. B 


Sol. М, = 
: 1 

^if To, E 

Mo, M 


then To: = To. 


SO; 


.. All other parameters are same ~. the curves will be same 
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Exercise 


Ans. 


Find the true /false statement 
(A) Most probable speed of ideal gases decreases with increase in molecular mass at constant temperature. 


(B) Number of particles moving with most probable speed decreases with increase in molecular mass 
for ideal gases. 
(A) True (B) False 


T= 250 К Т,= 200 К 


He at T, 


L | dN Heat T, 
2; du |N ) 
50 150 
u (m/sec.) ——> u (m/sec.) ——> 

Select the correct option. 

(A) U nps Of H, at T, is greater than О, of He at T, 

(B) U mps of H, at T, is less than U pps of Heat T, 

(C) U of H, at T, is equal to „Дыл of Heat T, 

(D) None ofthese 
Ans A 
14. COLLISION THEORY 
14.1 Collision diameter : 

It is the closest distance between the centres of two molecules taking part in collision. 

A B 

collision diameter (б) =r, + rg 

14.2 Collision Frequency : 


It is the number of molecular collisions taking place per second per unit volume of the gas. 


Determination of number of bimolecular collisions : 


(a) 


While considering the molecules among themselves the molecules to be rigid, non-interacting and 
spherical with diameter c. It is also assumed that all the molecules move with the same speed. The 
arithemetric mean of speed is U,, ,. 
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(с) 


(d) 


(е) 
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Two identical molecules of diameter c will just touch each other when the distance separating their 
centres is c. Thus, a moving molecule will collide with other molecules whose centres come 
within a distance of o from its centre. The quantity zo? is called the collision cross-section for the 
rigid spherical molecule. It is obvious that this collision cross-section is an area of an imaginary 
sphere of radius c around the molecule within which the centre of another molecule cannot 
penetrate. 


If the molecule is moving with an average speed U,,. then in a unit time area swept out by a single 
molecule is xo? U Ave" If N* is the no. of molecules within the volume (N* = N/V), the no. of 
collisions by a single molecule in a unit time will be ло? U py, №. 

So, far, we have assumed that only one molecule is moving and all other are stationary. In practice 
however, this is not true. In order to account for the movements of all molecules, we must consider 
the average velocity along the line of centre of two colliding molecules instead of average velocity 
of a single molecule. If it is assumed that, on average, molecules collide while approaching each 


other perpendicularly, then the average velocity along their centre is ,/? U,,, as shown below. 


Avg 


.. The no. of collisions made by a single molecule with other molecules per unit time (collision 
number) are given by 


z,7 42 no? О, .N* 


Avg 
The total number of bimolecular collision per unit time is given z,, (collision frequency) 


l 1 
zi = 5 (№) = 5 х Мех 2 ло? Пл N* 


| 
- eU, № 


If the collisions involve two unlike molecules, the no. of biomolecular collision is given as z,;. 


1 
перу: ЖОЙ Uiz, avg №№," 


where N,* and N,* are the no. of molecules per unit volume of the two types of gases, С, is 
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с +С, > 3 / 
| РЕ > BRT 
Ui, Avg S 1M, , US Avg == nM, 


14.3 Determination of mean free path and its dependence on pressure and temperature : 


(a) The mean free path is the average distance travelled by a molecule between two successive 
collision. We can express it as follows : 


Average distance travelled per unit time 


E Mire ditate c es RU 
No. of collisions made by single molecule per unit time 
_ Us = oU acl. 
= z “ Vn UN v2xo^N' 


Avg 


(b) According to ideal gas equation, 


N 
РУ = пЕТ = Ww. RT 
A 


N R № А 
or P= VIIN T= vV KT (where K is known as Boltzmann’s constant) 
EN E 


* 


N 
—=N 

Now V 
=. P = № KT or N* = rA or N* о 2 
KT T 


1 
Ep we J2no^N' 


1 
A= т ог= р 


Since, according to gas law P « T at constant volume 
). = constant at constant volume. 
Thus there will no effect of changing T or P on A. If the volume of the gas is kept constant. 


(d) Nowz,= J2 no! Upg № 
Пл = VT -> U avg E K, JT 
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Р 
г. =./2 zo! К, К, JT 


Now z, x P when T constant 


1 
and z, = JT when pressure is held constant. 


At constant volume P « T or P = K" T 
K'K"T 
Zi ы: JT 


ог2 x {т when volume is constant. 


Again z, © ,/p when volume is constant 


1 
© m= ха? U,,, №? 


а *7 
or z,, €x U avg №2 


P 2 
orz,* JT B 


- 
M 


OF Zi a TU 


Thus z,, % p? when temperature is held constant and z}, « Т-22 when pressure is held constant 
At constant volume 


zy, « T7 and z,, « P2, 


Illustration 


Calculate the mean free path in CO, at 27°C and a pressure of 10° bar. (molecular diameter = 500 
pm) 


25 22 
[Given : R= > J mol! К, (2 =1.4, r= ,№,=6х 102] 


So. A= "o = Rok сер 
/2лсб?Р м 2 
25 300 7 


- о NL —————H——— 
3 6x10" 14x22x(500x107* J x10 x10* 


= 0.0378 x 10° ms"! 
= 3.78 x 10? cms! 
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Exercise 


The mean free path of the molecule of a certain gas at 300 К is 2.0 x 10° m. The collision diameter of 
the molecule is 0.2 nm. Calculate 

(a) number of molecules per unit volume of the gas, and 

(b) pressure of the gas 


25 
[Given : R= 3! mol! K^! 70.225, N, 26 x 1073] 


1 
"хх 


Ans. (а) 2.81 x10? m? (Ь) 1.17 x10? Pa 


15. REAL GAS 


Although the ideal gas model is very useful, it is only an approximation ofthe real nature of gases, and the 
equations derived from its assumptions (PV = nRT) are not entirely dependable. As a consequence, the 
measured properties ofa real gas will often differ from the properties predicted by our calculations. The 
properties of real gas differ basically of two factors one is force of attraction between molecules and 
volume of gas molecules. 


15.1 Difference between real gas & Ideal gas 


Obeys gas law under all conditions of P and T. | Obeys only at low P and T. 
Obeys ideal gas equation Does not obeys ideal gas equation 


Intermolecular interaction between gaseous | Intermolecular interaction between gaseous 
molecules are negligible. molecules not negligible. 

Volume ofa particle is negligible as compared | Volume ofa particle is not negligible as 

to total volume of the gas. compared to total volume ofthe gas 

Exists only at high temperature and low Exists only at low temperature and high 
pressure pressure 


Explanation of deviation 
Kinetic theory of gases do not hold goodat all condition mostly these two assumptions 

(a) The force of attraction between gasesous molecules are negligible 

(b . Thevolumeoccupied by the gaseous molecules is negligible compared to total volume of gas at high 
pressure. Both the assumptions do not hold good hence deviating from ideal gas. 


16. VANDER WAALS EQUATION OF STATE FOR A REAL GAS 


The equation of' state generated by Vander Waals in 1873 reproduces the observed behaviour with 
moderate accuracy. For n moles of gas, the Vander Waals equation is 
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where a and b are constants characteristic of a gas. This equation can be derived by considering 
areal gas and converting it to an ideal gas. 


Volume Correction : We know that for an ideal gas P x V = nRT. Now in a real gas the molecular 
volume cannot be ignored and therefore let us assume that *b' is the volume excluded (out of the 
volume of container) for the moving gas molecules per mole of a gas. Therefore due to n moles of 
a gas the volume excluded would be nb. 


* a real gas in a container of volume V has only available volume of (V — nb) and this can be 
thought of, as an ideal gas in a container of volume (V — nb) 


The Vander Waals constant b (the excluded volume) is actually 4 times the volume of a single 
molecule. i.e. bz 4 N,V where №, —> Avogadro number. 


4 
b=4 х 6.023 x 10? 3 zr , where r is the radius of a molecule. 


Pressure Correction : Let us assume that the real gas exerts a pressure P. The molecules that 
exert the force on the container will get attracted by molecules of the immediate layer which are not 
assumed to be exerting pressure. 


It can be seen that pressure the real gas exerts would be less than the pressure an ideal gas would 
have exerted. Therefore if a real gas exerts a pressure P, then an ideal gas would exert a pressure 
equal to P + p(p is the pressure lost by the gas molecules due to attractions). This small pressure p 
would be directly proportional to the extent of attraction between the molecules which are hitting 
the container wall and the molecules which are attracting these. 


n 9 E aire е. к 
Therefore р © v (concentration of molecules which are hitting the container's wall) 


> 


n ' . Р n 
px ү (concentration of molecules which are attracting these molecules ) => р 2 vi 
_ ап? 
р и у? 


where a is the constant of proportionality which depends on the nature of gas. Higher value of ‘a’ 
reflects the increased attraction between gas molecules. 


The constant a and b: Vander Waals constant for attraction (a) and volume (b) are characteristic 
for a given gas. Some salient features of ‘a’ and 'b' are: 


For a given gas Vander Waal’s constant of attraction ‘a’ is always greater than Vander Waals 
constant of volume (b). 

The gas having higher value of ‘a’ can be liquified easily and therefore H, and He are not liquified 
casily. 

The units of a= litre? atm mole ? and that of b= litre mole ' 

The numerical values of a and b are in the order of 10^! to 10° to 107 respectively. 
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Illustration 


Identify true statement about the vander waal constant *b' among the statements given below ? 


I. Itis called excluded volume II. It accounts for the interparticle forces 
lll. — Itsunitsare mol dm? IV. Its value depends on molecular size 
Ans. LIV 
Exercise 


Among the four statements given below for real gases, which are correct : 
(A) The molecules causes attractive interactions. 
(В) They show deviation from ideal gas laws. 
(C)  Themolecules are volume less points. 
(D) The molecules have negligible mass. 
Ans. A,B 


Note : The Vander Waal equation can be obtained from ideal gas equation if 'P' is read as pressure 
exerted when all the intermolecular attractions are removed & 'V' is read as free volume available 
for the motion of molecules. The inclusions of correction terms, then will give the Vander Waal 
equation. 


17. COMPRESSIBILITY FACTOR 


The extent to which a real gas departs from the ideal behaviour may be depicted in terms of a new 
function called the compressibility factor, denoted by Z. It is defined as 

ES oi 

авт 
The deviations from ideality may be shown by a plot of the compressibility factor 2, against Р. 
For an ideal gas, Z = | and it is independent of temperature and pressure. 
The deviations from ideal behaviour of a real gas will be determined by the value of Z being greater 
or less than 1. 
The difference between unity and the value of the compressibility factor of a gas is a measure of the 
degree of non ideality of the gas. 
For areal gas, the deviations from ideal behaviour depends on : 
(i) pressure; and (ii) temperature. 
This will be illustrated by examining the compressibility curves of some gases discussed below with 
the variation of pressure and temperature. 


17.1 Effect of Pressure Variation on Deviations: 
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17.2 Effect of Temperature on Deviations: 


Рәт) ——* 


From the above curves we can conclude that: 


1. At low pressure and fairly high temperatures, real gases show nearly ideal behaviour and the 
ideal-gas equation is obeyed. 
y At low temperatures and sufficiently high pressures, a real gas deviates significantly from ideality 


and the ideal-gas equation is no longer valid. 
3. The closer the gas is to the liquefication point, the larger will be the deviation from the ideal behaviour. 


Greater is the departure of Z from unity, more is the deviation from ideal behaviour. 
(i) When Z < 1, this implies that gas is more compressible. 

(ii) ^ When Z> 1, this means that gas is less compressible. 

(iii) When Z= 1, the gas is ideal. 


17.3 Explanation of deviation by Van der Waals equation 


(i) At lower pressure : ‘У? is large and “b’ is negligible in comparison with V. 
Then Vander Waals equation reduces to : 


a a 
Pa-5. |V=RT PV S -RT 
| +) = кк 


PV a 


a 
PY =RI-— => Z= ЕТ ^!-укт 577! 


or P¥<RTatlow pressure (below Boyle temperature) 
this accounts for the dipin PV vs P isotherm at low pressure. 


(п) ^ Atfairly high pressures: = may be neglected in comparison with P. 
The Vander Waals equation becomes 


P(V-b)^RT = PV -Pb-RT 
Pv Pb 
PV = КТ + Pb = Z-RT^!*mgrT-.7?! 


or РУ > КТ at higher pressure (above Boyle temperature) 


This accounts for the rising parts of the PV vs P isotherm at high pressures. 
a 


y become negligible and the 


(iii) At very low pressure: V becomes so large that both b and 


Vander Waals equation reduces to PY = RT 
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(iv) Hydrogen and Helium : These are two lightest gases known. Their molecules have very small 


masses. The attractive forces between such molecules will be extensively small. So <> vi is negligible 
even at ordinary temperatures. Thus PV > RT. 
Illustration 
1: A real gas obeying vander waal equation will resemble ideal gas if the 
(A) constants a and bare negligiblysmall (В) ais large and b is small 
(C) a is small and b is large (D) constant a and b are large 
Ans. A 
Sol.  Atnegligible small value of a.b. real gas reduces to ideal gas equation 
"à The compressibility factor for 1 mole of a van der Waals gas at 0^C and 100 atm pressure is 
found to be 0.5. Assuming that the volume of a gas molecule is negligible, calculate the van der 
Waals constant, a. 
Sol. For mole of the gas, 
„28 ye, ey nie 
“ют CC 777 psa © 
Neglecting b, van der Waals equation reduces to [r t=. v? “| V=RT 
V+—=RT 
or p ү = 
ог 100 х 0.112 + 3 T = .0821 x 273 
а = 1.25 L'atm mol? 
Exercise 
1; The compressibility factor of real gas is usually greater than опе (Z > 1) at high temperature and 


high pressure. This is because 
(A) the constant a is negligible whileb іѕ пої (В) the constant b is negligible while a is not 
(C) both a and b are negligible (D) both a and b are no negligible 

Ans. A 


у А The value of vander Waal's constant ‘a’ for the gases O,, N,, NH, and CH, are 1.36, 1.39, 4.17 
and 2.253 P atm, m^, respectively. The gas which can most easily be liquefic ied is 
(A) O, (B) N, (C) NH, (D) CH, 

Ans. C 


[Hint - Higher the value of a, easier is the liquification process) 
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18. OTHER EQUATIONS FOR REAL GAS 


1. Dieterici Equation (for n mole of gas) 
P(V-nb)=nRTe***" 


2. Berthelot Equation (for n mole of gas) 


P n'a 
UTR (V-nb)=nRT 


X Virial Equation Of State (for n mole of gas) 


B 7 second virial coefficient , temperature dependent = b EE. 


^ 
М 


С = third virial co — efficient, temperature dependent = b 
19. CRITICAL PHENOMENON & LIQUIFICATION OF GASES 


Liquification process is executed by applying pressure at constant temperature and corresponding, 
a graph is plotted in P vs V (called andrew's Isotherm) 


L= Liquid phase 
У = Vapor phase 
а = Initiation of process 
b = start of evaporation 


c = End of evaporation 


c-d = vapor behaviour 


b-c = Constant pressure/constant temp. proces 


If similar isotherm are plotted at various temperature we get a graph as below. 


P ^ à T4,?T,?T;^T;*T, 


Saved /storage/emulated/0/Pictures/TouchShot/ 
20170808 224332. jpc 


* ane 


19.1 Methods of Liquification of Gases 

(a) On increasing the pressure gas can be easily liquified because intermolecular attraction between gaseous 
molecule increases. 

(b) | Ondecreasing the temperature К.Е. of gaseous molecules decrease That's why gas can be easily liquified. 


(c) Temperature of gas must be lower than critical temperature (To) 


19.2 Critical temperature (Т): It is defined as the characteristic temperature for a given gas below 
which a continuous increase in pressure will bring liquification of gas and above which no liquefaction 
is noticed although pressure may be increased e.g. T. for CO, is 31.2°C. 

8a 

27Rb 

19.3 Critical pressure (P) : It is defined as the minimum pressure applied on | mole of gas placed at 
critical temperature, to just liquefy the gas 


For a Vanderwaal gas: T. 


a 
27b? 
19.4 Critical Volume (V ,) : The volume occupied by 1 mole of gas placed at critical conditions. 


For a Vanderwaal gas : p, 


For a Vanderwaal gas : Ve 73b (i.c. P= P and T- T) 


19.5 Calculation of critical constants 


[Ps =: Jv.-9-nr 
Ya 
ү? 

= ру, -Рь+ 4% pig multiply by —~ 
y“ v p 
m m 

gp a " ab RT Viu 
- a. rx vd mA rU 

= Me р т р m 

ES VS (eye ТЫ = ИИА (1) 
P. р. Р. 


(V, — VD Va V9 (V,- V3) = 0 
At critical conditions У, = V, = V, = V. 


At critical conditions, gases occupy a definite volume so all the 3 roots will be equal to у... 
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Comparing equation (i) & (ii) 


RT, 
JW "p tosoccd (3) 
P. 
"AES 
3ww- y; oae (4) 
‚_ ab 
У. р те (5) 
Dividing (5) equation by (4) equation 
¥, = 3b 
а 
р. = 27b? 
T= 8a 
€ 27Rb 
Alternative method 
(i) From the graph value of slope at critical conditions is zero 
dP = 0 
dV 
(ii) Before & after the critical point the slope is negative therefore at critical point slope is max. 
Фр 
70 
dV" 
For 1 mole 
a 
[ «v. -b)- RT 
al E 
=> P 4 V. a b №2 ПЕЕ ( 1 ) 
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20. 


20.1 


20.2 


On solving equation (1), (2), (3) 


V. = 3b 
T a 
р, = 27b? 
а 
с 27Rb 


BOYLE'S TEMPERATURE 
It is the temperature of which a gas behave ideally in a wide range of pressure. 
Conversion of Vander Waal's equation in virial form Vander Waal's equation for 1 mole 


RT a 
== yi 
m m 


RT |V,-b у> |Т 
"S x 
a= у Бут 
-1 
Уо a 
an w.] WIRE 
2 3 
v TENE 7А Ы нышы Ex. 
Мы Мы “ш V_RT 


For the gas to behave ideally B = 0 
as the subsequent terms are very small and does not influence much [at low pressure P — 0] 
. B=0 
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E 9 
~ RT 
е, 
B Rb 


Hence it is the temp at which the gas obeys Boyle's law. 
Illustration 


The compressibility factor for | mole ofa Vander Waal's gas at Boyle temperature is 


2 2 


А) 1 = B)1 > С [is D)1 i 
Ans. A 
a 
Sol 63 (V—b)=RT 
у 
Р af mt 
“у-у V? 
"M 
|» RT V-b VRT 
-— ce og Ge 
V-b V Rb 
=1+ zi 
^. W(VW-b) 
Exercise 


Select correct statement for a real gas. 


T. 
(A) Larger the value of P. of gas, larger would be the excluded volume. 
€ 


(B) Critical temperature (Т) ofa gas is greater than Boyle's temperature (T, ) 
(C) Atcritical point in the Vander Waal's gas isotherm (Z) zi 
ON. FT. 
(D) Fora real gas T, = 30°C then it is gas at 25? C & vapour at 35°C always. 
Ans. A,C 
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SOLVED EXAMPLES 


A vertical hollow cylinder of height 1.52 m is fitted with a movable piston of negligible mass and thickness. 


Q.1 


Sol. 


Q.2 


The lower half ofthe cylinder contains an ideal gas and the upper halfis filled with mercury. The cylinder 
is initially at 300 К. When the temperature is raised half ofthe mercury comes out of the cylinder. Find 
the temperature assuming the thermal expansion of mercury to be negligible. 

337.5 К 


38 cm 


= > = Hl 


76 cm (76+ 38) cm 


(Initial state) (Afler heating) 


At initial stage : 

Pressure of gas = Pressure of Hg + Pressure of atmospheric air 
= 76 + 76 = 152 cm 
T=300K 


V, 
V= ri where, V, is volume of cylinder. 
At final stage after heating : 
Pressure of gas = Pressure of Hg + pressure of atmospheric air 


=38+76 = 114 ст 


v=% T=? 
-AT- 
Applying gas equation 
152x V, _114x(3V,/4) 
2x300 T 
114x3x2x 300 
= pig ЗЕ 


A thin tube of uniform cross-section is scaled at both ends. It lies horizontally, the middle 5 cm containing 
Hg and the two equal ends containing air at the same pressure P. When the tube is held at an angle 60° 
with the vertical, the lengths of the air column above and below the mercury are 46 and 44.5 cm respectively. 
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Sol. р, Ф. 
NO 
At horizontal position, let the length of air column in tube be L cm. 
2L+5= 4645-44.5 
L=45,25 ст 
when the tube is held at 60° with the vertical, the mercury column will slip down. 
P, + 5 cos 60°= P. 


5 
keke 3725 ст Hg AUCI (1) 
From end X, Р, х 45.25 = P, х 44.5 
dis 45.25 Р - 
х= ggs be 0 (ii) 
From Y, P, x 45.25 = P, x 46 
45.25 E 
iE 46 К. шаны (iti) 


Substituting the values of P, and P, in equation (i) we get 
P, = 75.4 
Q.3  Atfixed temperature and 600 mm pressure, the density ofa gas is 42. At the same temperature and 
700mm pressure, what is the density ofthe gas? 
Ans. 49 
Sol According to Boyle's law. 


Px M (at constant temperature) 


s Mass(M) 
Density = Yolume(v) 


1 
or Dez 


P, = 600, D, = 42, P, = 700 
700 x42 
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Ans. 


Sol. 


Sol. 


Nitric oxide (NO) reacts with molecular oxygen as follows: 

2NO (р) + О, (р) —9 2NO, (g) 
Initially NO & O, are separated as shown below. When the valve is opened, the reaction quickly goes 
to completion. Determine what gases remains at the end of reaction and calculate their partial pressures. 
Assume that the temperature remains constant at 27?C. 


[Given: К = 0.08 atm.L / mole.K] 


41.2105 atm 2Lat 1 atm 
& & 
300 K юк 
Р, = i atm; Py. = 1 ай 
2 6 NY 3 
ee И 
nitially "No = 9 980x300 ^ 10: © 0,080x 300 
2 NO (g) + O, (в) —9 2NO,(g) 
- 2 E 
— 24.0 24.0 0 
' 1 2 1 
attheendofreaction — 24 24 =; 12 
NO, & О, gases remains at the end of reactions. Ans. 
Væ 6L 
1 0.080x300 | 
Р.РгоѓО, => 24 EU н EF: atm or 0.166 atm 
1 0.080х 300 1 
P.Pr. of NO, => 12 х таныр = 0.333 atm or 3 atm 


Average velocity of CO, at the temperature T,K and maximum possible velocity of CO, at the 
temperature Т, K is 9x 10-4 cm second"! then calculate the value of T, and T,. 
T, = 1682.5 K, T,-2143.4 К 


: 8RT 
Average velocity = aM 


and maximum possible velocity — Pu 


Average velocity = Maximum possible velocity = 9 x 10* cm see! =9 x 102 meter/ second 


" 8x8.314x T, 
9х 1077 3 14x44x102 
9x 102= 2x8.314xT, 

x 107 4 24x10? 
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Q.6 X Calculate the average kinetic energy of 8 g-molecules of methane at 27°C in Joule. 
Ans. 621x107?! J 


Sol Total kinetic energy=n(5 RT) 


Mole number in 8 gram methane = x =0.5 


(Molecular weight of methane = 16) 
R=8.314 Joule / K / mole 
Т = 27 + 273 = 300 К 


Therefore, kinetic energy = 0.5 х 3/2 х 8.314 х 300 = 1870.65 Joule 


— 1870.65 TS 
-. Average kinetic energy= § 933,492 x05 = 0-2! х 107?! joule 


Q.7  TwoflasksA and B of equal volume containing NH, and НСІ gases, are connected by a narrow tube of 
negligible volume. The two gases were prevented from mixing by stopper fitted in connecting tube. For 
further detail of experiment refer to the given figure. What will be final pressure in each flask when 
passage connecting two tubes are opened. Assume ideal gas behaviour of NH, and НСІ gas and the 


reaction. 
NH,(g) + HCl (g) —9 NH,CI (5) is quantitative 
(Flask A) (Flask B) (Flask A) (Flask B) 
T=300K T=400K T= 300 К T= 400 К 
P-520mm Hg  P- 600mm Hg After mixing 
Before mixing 
(A)40 mm Hg (B) 60mm Hg (C) 20 mm Hg (D) 10 mm Hg 
Ans. (A) 
300 
Sol. Pac; at 300 K = x 600 = 450 mm Hg 


400 
Remaining P=520—450= 70 тт Hg NH, in flask 'A' 
Let'x' is numbers of moles of NH, in 'A' 
3 
=> no. of mole of NH, in B = 4 X 
4 


mole fraction of total mole remain іп 'А'= 7 


4 
Pressure in 'A' — 7* 70=40 тт Не Ans, 
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Q.8 


Ans. 
Sol. 


Q.9 


Ans. 
Sol. 


The graph of compressibility factor (Z) vs P for one mole ofa real gas is shown in following diagram. 


dZ 
The graph is plotted at constant temperature 273 K. If the slope of graph at very high pressure F3 


; d . 1 
is 1o am ! the volume of one molecule of real gas in cm? is 


| 22.4 " 
[Given : R= 275 L atm K^! mol and N} =6 x 107] 
(A) 9.3 x 10723 (B) 3.7 x 10-29 (C) 9.3 x 10722 (D) 5.6 x 10720 
(C) 
At very high pressure 
za 7 

=" RE 47. aya 
Bx i | 
co A d i 
dp RT 10 2" 2 

224 273 А › 

= E = 2.24 litre / mole p c 

b-4xVxN, 
2.24x10° - 
7'axéxjoP 7923 oe Ans. 


The diameters of a bubble at the surface ofa lake is 4 mm and at the bottom of the lake is 1 mm. If 
atmospheric pressure is ] atm and the temperature of the lake-water and the atmosphere are equal what 
is the depth of the lake ? (The density of lake-water and Hg are | gm/ml and 13.6 respectively. Also 
neglect the contribution of pressure due to surface tension) 

65116.8 cm 

The pressure on the bubble = 1 atm (when it is at the surface) 

The pressure on the bubble = P atm (say) (when it is at the bottom) 


1 
The volume of the bubble = Pi (0.1 


ix D eee 0.4) 
g 7 (1:0) = 6 1004) 


or Р = 64 atm. Thus the pressure due to water 15 63 atm (\ atmospheric pressure = ] atm) 
Now, consider the depth of lake is h cm 

d. 63 х 76 х 13.6 xg=hx Ixg 

or h=63 х 76 x 13.6 cm=65116.8 cm. 
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Q.10 A 10cm volume of air is trapped by a column of Hg, 8 cm long in capillary tube horizontally fixed as 
shown below at | atm pressure. Calculate the length of air column when the tube is fixed at same 


temperature. 
(a) Vertically with open end up 
(b) Vertically with open end down Ie — 10 сте 8 cm —44 


(fig. 1) 
(c) At45? from with open end up * 


Ans. (a)904cm  (b)ll.l8cm (с) 9.3 ст 


Sol (а) When the capillary tube is held as vertically open end up (fig.2), 
The pressure on the air column = atmospheric pressure + pressure 
of 8 cm Hg column 

= 76 + 8 = 84 cm of Hg. 
Let, at this condition the length of the air column = £, 
and the length ofair column when capillary is horizontally l 
fixed = £, = 10 cm and pressure on air column = 1 atm. 
Let the cross section of the capillary = a cm? 
76 х 10 ха= 84 х #, ха 
76х10 ея 


or £u 84 — 9.04 cm 


(b) When the capillary tube is held as vertically open end down (fig. 3), the pressure on the air column 


= atmospheric pressure — pressure of 8 cm Hg column [ 
= 76-6 = 68 ст of Hg [ 
Letat this condition the length of air column = /... 
68 x f, ха=76х l0xa I 
76x10 8cm 
or се 68 = 11.18 ст 


(с) When the capillary is held at 45° with open end ир, the weight of Hg is partially borne by the gas and 
partially by the Hg. The pressure on the gas duc to Hg column 
= 8 x cos 45° 


1 8 
= 8х V2 7 Jz = "оН 


8 
e = 76 + — | >= 
total pressure on the gas | B | cm of Hg. 


Let length of air column at this pressure = / ,. 


f (+) 
саах 42 =10xax 76 
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i= 


10x 76 
4 


зет) “92 


Q.11 Aspherical balloon of 21 cm diameter is to be filled up with hydrogen at NTP from a cylinder containing 
the gas at 20 atmosphere at 27°C. Ifthe cylinder can hold 2.82 litre of water at NTP, calculate the 
number of balloon that can be filled up. 

Ans. 10 


21 
Sol. Radius of the balloon = rim =10.5 cm 


4 4 22 
Volume ofthe balloon = 7 73375 *(10.5)3cc = 4851 cc 


Pressure = 1 х 76 x 13.6 x 981 = 1.014 x 105 dynes/cm? 
РУ  L014x106x4851 


20x 76x13.6x981x 2820 


=? 
8.314x10' x300 пэ 


No. of mole in the cylinder = 


When the balloon are being filled, the pressure in the cylinder will decreases, when the pressure of the 
cylinder will drop to 1 atm, gas cannot be withdrawn. 


1.014х10° х 2820 
8.314x10' x 300 


No. of moles of H.in the cylinder that can be used 
No. of moles of H, in one balloon can contain 


Now, no. of moles of H, remaining in the cylinder unused = =0.1146 


г. No. of balloon that can be filled = 


_ 2.2929-0.1146 _ 0 
E 0.2167 
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ATOMIC STRUCTURE 


INTRODUCTION 


John Dalton 1808, believed that matter is made up of extremely minute indivisible particles, called 
atom which takes part in chemical reactions, These particle can neither be created nor be destroyed. 
However, modem researches have conclusively proved that atom is no longer an indivisible particle. 
Modem structure of atom is based on Rutherford's scattering experiment, quantization of energy and 
wave mechanical model. 


COMPOSITION OF ATOM 


The works of J.J. Thomson and Ernst Rutherford actually laid the foundation of the modern picture of 
the atom. It is now verified that the atom consists of several sub-atomic particles like electron, proton, 
neutron, positron, neutrino, meson etc. Out of these particles, the electron, proton and the neutron are 
called fundamental subatomic particles. 


ELECTRON ( ,e? , e) 

Electron was discovered by J.J. Thomson (1897) and it is a negatively charged particle. 

Cathode rays were discovered by William Crooke & J.J. Thomson using a cylindrical hard glass tube 
fitted with two metallic electrodes. This tube was known as discharge tube. They passed electricity 


(10,000V) through a discharge tube at very low pressure. Blue rays emerged from the cathode. These 
rays were termed as Cathode rays. 


Cathode rays Саҹ at low 


Discharge tube experiment for production of cathode rays 


Properties of Cathode rays 

(i) Cathode rays travel in straight line. 

(ii) Cathode rays produce mechanical effect, as they can rotate the wheel placed in their path. 

(ш) ^ Cathode rays consist of negatively charged particles known as electron. 

(iv) Cathode rays travel with high speed. 

(v) Cathode rays can cause fluorescence. 

(xi) Cathode rays heat the object on which they fall due to transfer of kinetic energy to the object. 

(уп) When cathode rays fall on heavy metals, X-rays are produced. 

(vii) Cathode rays possess ionizing power i.e., they ionize the gas through which they pass. 

(ix) ^ The cathode rays produce scintillation on the photographic plates. 

(x) | Theycan penetrate through thin metallic sheets. 

(xi) The nature of these rays does not depend upon the nature of gas or the cathode material used in 
discharge tube. 


2 


Note : The television picture tube is a cathode ray tube in which a picture is produced due to fluorescence on 
the television screen coated with suitable material. Similarly, fluorescent light tubes are also cathode rays 
tubes coated inside with suitable materials which produce visible light on being hit with cathode rays. 


4.1 


4.2 


R.S. Mullikan measured the charge on an electron by oil drop experiment. The charge on each electron 
is —1.602 x 107! C. 

The specific charge (e/m) on electron was first determined by J.J. Thomson. 

e/m= 1.758 x 10-1! C/kg 

Rest mass of electron is 9.109 x 10?! kg or, 0.00054 amu 


PROTON (,H!, H*, P) 


Proton was discovered by Goldstein and it is positively charged particle. It is a component particle of 
anode rays. Goldstein (1886) used perforated cathode in the discharge tube and repeated cathode 
rays experiment and observed the formation of anode rays. These rays were also termed as positive or 
canal rays. 


Perforated tube experiment for production of anode rays 


Properties of anode rays 

(1) Anode rays travel in straight line. 

(ii) Anode rays are material particles. 

(iii) Anode rays are positively charged. 

(iv) Anode rays may get deflected by extemal magnetic field. 
(v) Anode rays also affect the photographic plate. 

(vi) The e/m ratio of these rays is smaller than that of electrons. 
(vii) Unlike cathode rays, their e/m value is dependent upon the nature of the gas taken in the tube. It is 
maximum when gas present in the tube is hydrogen. 

(viii) These rays produce flashes of light on ZnS screen. 
Charge on proton = 1.602 x 10-!? coulombs 

Mass of proton = 1.673 x 107 ка = 1.00728 amu 
Protonis ionized hydrogen atom H* 

Specific charge ofa proton is 9. 58x10? Coulomb/kg 


NEUTRON (олі, n) 


Neutron was discovered by James Chadwick (1932) according to the following nuclear reaction, 
„Ве? + „Не“ > 4C" + n'or 4B" + „Не“ — NU + оп! 

The reason for the late discovery of neutron was its neutral nature. 

Mass of neutron = 1.675x10 7 kg = 1.00866 amu 

Specific charge ofa neutron is zero. 

Neutron is fundamental particle of all the atomic nucleus, except hydrogen or protium. 


Illustration 


The mass to charge ratio for A* ion is 1.97 x 107 kg C^. Calculate the mass of A atom. 


Sol Given = =1.97« 107 


(since е = 1.602 х 10° C) г. m= 1.97 x 107 x 1.602 x 107? kg 


Exercise 
Arrange the following particles in increasing order of values of e/m ratio : Electron (е), proton (р), 
neutron (n) and a-particle (a) - 
(A) п, р, е, а (В) п, a, р, е (С) п, р, &, € (D) е, р, п, а 

Ans. (В) 


6.  THOMSON'S MODEL 


After discovery of electron and proton attempts were made to find out their arrangement in an atom. The 
first simple model was proposed by J.J. Thomson known as Thomson's atomic model. 


He proposed that the positive charge is spread over a sphere of the size of the atom (i.e. 107% cm radius) 
in which electrons are embedded to make the atom as whole neutral. 


This model could not explain the experimental results of Rutherfords a-particle scattering, therefore it 
was rejected. 


Positively charged 
+ (-) + sphere 


9 a) S. Electron 
G 


Positive charge spreaded throughout the sphere 


7. | RUTHERFORD'S MODEL 


Rutherford carried out a-particles scattering experiment by the bombardment of high speed 
a-particle on thin foil of gold, emitted from radium and gave the following observations, which was 
based on his experiment. 


Radioactive У —— Thingold X Few 


substance AEN 
| эзы | EEE 
ë 
Lead block 


Lead plate 
with hole 


7.2 
(a) 


(b) 


(c) 
(d) 


7.3 
() 


(i) 
(iii) 


(iv) 


(v) 


7.4 


Observations : 

Most of the a - particles (nearly 99%) continued with their straight path. 

Some ofthe a - particles passed very close to the centre of the atom and deflected by small angles. 
Very few particles thrown back (180^). 


Atom of metal foil 


Main features : 

Most of the a - particles were continued their straight path that means most of the space inside 
the atom is empty. 

The centre of an atom has a positively charged body called nucleus which repel positively charged 
a. - particles and thus explained the scattering phenomenon. 

Almost all mass of an atom is concentrated in its nucleus. 

The size and volume of the nucleus is very small as compared to the total size and volume of atom. 


Properties of the Nucleus 
Nucleus is a small, heavy, positively charged part of the atom and is located at the centre of the 
atom. 


All the positive charge of atom (i.e. protons) are present in nucleus. 


Nucleus contains neutrons and protons, and hence these particles collectively are also referred to 
as nucleons. 
The size of nucleus is measured in Fermi (1 Fermi = 10? ст = 1075 m). Generally, the radius 
of the nucleus (r,) is given by the following relation : 

г, зе үс А? 
where r, is a constant and A is the mass number. 
The Volume of the nucleus is about 10-75 m? and that of atom is 1077 m? , i.e., volume of the 
nucleus is 107! times that of an atom. 


Distance of closest approach : When the a-particle approaches the nucleus to made a head- 
on collision with a the nucleus, the a-particle approaches the nucleus until coulombic potential 


ZZ E x 
energy of repulsion , k PES , becomes equal to its initial K.E., 7 m.v*. 
1 D 2 
Thus = mv? = Е. 
2 г 


К z,z,e 
Hence, the distance of closest approach, r= (Inv) 
mv? | 


The nucleus must be further smaller than the distance of closest approach. 


75 Drawbacks of Rutherford's model 

(i) It does not obey the Maxwell theory of electrodynamics. According to this theory a small charged 
particle moving around an oppositely charged centre continuously loses its energy. If an electron does 
so, it should also continuously lose its energy and should set up spiral motion ultimately falling into the 


nucleus. 
Nucleus 
Electron 
(u) It could not explain the line spectra of atom. 
Illustration 
1. Atomic radius is of the order of 10 * cm and nuclear radius is of the order of 10° cm. Calculate what 


fraction of atom is occupied by nucleus ? 


4 4 
Sol. Volume of nucleus == ar = 37 (107*)' em? 
mL 32:3 . Е 107 = 15 
Volume of atom = 371 (007) cm’, Ve. to = 10 
V clos" 107* " m 
2. With what velocity should an a particle travel towards the nucleus ofa Cu atom so as to arrive at a 
distance 107? m. 
1 ‚Кл,  k(2e)(63e) 
Sol. 5 MaYa F d - n 
k(2e) (63е) 
Paene: 


va = \ т = 6.3 x 10° m/s 
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Exercise 


Assuming a spherical shape for fluorine nucleus, calculate the radius and the nuclear density of fluorine 
nucleus of mass number 19. 


Ans. 3.73 х IO? cm, 7.616 = 10" g cm? 


8. MOSELEY EXPERIMENT (DISCOVERY OF ATOMIC NUMBER) 


Moseley (1912—1913), investigated the X-rays spectra of 38 different elements, starting from aluminium 
and ending in gold. He measured the frequency of principal lines ofa particular series (the a-lines in the 
K series) of the spectra. It was observed that the frequency of a particular spectral line gradually 
increased with the increase of atomic mass of the element. But, it was soon realised that the frequency 
of the particular spectral line was more precisely related with the serial number of the element in the 
periodic table which he termed as atomic number (Z). He presented the following relationship : 


vy = a(Z = b) 
where, v= frequency of X-rays, Z=atomic number, *a' and *b' are constants. When the values of square 
root of the frequency were plotted against atomic number of the elements producing X-rays, a straight 


line was obtained. 

20 

vv/10%s7 15 
10 
5 од 
10 20 30 40 

Atomic number (Z) 
Illustration 


Ifthe straight line is atan angle 45° with b= 1 calculate frequency when atomic number Z is 50. 
(A) 2000 (B) 2010 (C) 2401 (D) None 
Ans. (C) 
Sol. Jv = tan 45° — 7 К— 
| а= tan Ө 
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Exercise 


9.1 


9,2 


9.3 
94 


9.5 


9.6 


эү 


9.8 


9.9 


9.10 


What is atomic number Z when v = 2500 s^! and value of a= 1 andb=1 
(A) 50 (B) 40 (C) 51 (D) 53 
(C) 


SOME ATOMIC TERMS 


Atomic number = Number of unit positive charge on nucleus = Number of protons in nucleus = 
Number of electrons in neutral atom. 
Two different elements can never have identical atomic number. 


Mass number (A) = Number of protons + Number of neutrons or Atomic number (Z) 
Hence Number of neutrons =A-Z. 


The atom of an element X having mass number (A) and atomic number (Z) may be represented by a 
symbol, 


Element tass number 
a" 
Atomic number —7 


eg ef 40”, N" etc, 
A part ofan atom up to penultimate shell is a kernel or atomic core. 
Negative ion (anion) is formed by gaining electrons and positive ion (cation) by the loss of electrons. 


Isotopes : Atoms of an clement with the same atomic number but different mass number. 
І 2 3 
eg. (Н ,H7 Н 


Protonium deuterium Tritium 
Isodiapheres : The elements which have same value of (n — p) is called Isodiapheres. 
eg. ‚М 14 ШОР 
Values of (n — p) 0 0 
Isotone : Elements which contain same no. of neutron is called Isotone. 
eg. А ae ДР?” i 2632 
number of neutrons 16 16 16 


Isobar : The two different atoms which have same mass number but different atomic number is called 
Isobar. 


ер. Аг К^ x Ca^ 
Isoelectronic : lon oratom or molecule which have the same number of electron is called Isoelectronic 
species. 

eg. TUN Tu iK" Ca^? 

No. of electrons 18 18 18 18 


Isosters : Substance which have same number of electrons and the same number of total atoms are 


called Isosters. 
cg. CO, N 0 


No. of electrons 22 22 
No. of atoms 3 3 


Illustration 


From the following list of atoms, choose the isotopes, isobars and isotones - 


6 39 235 40 4 18 14 40 238 
50, Ek, Bu , Sk, “Nn, Чо, "C, Sca, Su 


Sol Isotopes: ($0, 180), (33K , 39K ), (2220,20) 
Isobars: (ФК. Са). (М. С) 
Isotones: (33K, Са). (C. $0) 
2. Total number of electrons, protons and neutrons present in the nucleus of ,,U*** is 
(A) e = 92, р = 92, n= 146 (B) e= 92, р = 92, n= 148 
(C) e =0, р = 92, n= 146 (D) None of these 
Ans. (C) 
Sol. There is no electron in the nucleus. 
n, = 0, ET 92, n, = 238-92 = 146 
Exercise 
Nitrogen atom has Atomic number 7 & oxygen has Atomic number 8. Calculate the total number of electrons 
in nitrate ion - 
Ans. 32 
10. WAVE 


A wave motion is a means of transferring energy from one point to another point without any actual 
transportation of matter between these points. When we throw a piece of stone on the surface of water 
ina pond, we observe circles of ever increasing radius, till they strike the wall of the pond. When we put 
a piece of cork on the surface of this water, we observe that the cork moves up and down as the wave 
passes, but the piece does not travel along with the waves. The water waves carries the energy but there 
is no transfer of matter. Thus in a wave motion, disturbance travels through the medium, but the medium 
does not travel along with the disturbance. 


Some important terms related with wave motion. 


Wavelength 


Vibrating 
source 


(i) Wave length (А): The distance between two adjacent crest or trough of the wave (or the distance 
between two similar neighbouring points) 
OR 
(ii) Time period (T): Time for one complete oscillation of wave is called the period (Т). 
Time taken by the wave to travel a distance equal to one wavelength. If C is the 


À 
speed of wave, then C= T 


10.1 


(iii) Frequency (v): © Number of oscillations per unit time is called frequency. 


v=— 


À 
(iv) Wave number (v) : Number of wavelength per unit length. 
1 


v=- 
» 
(у) Amplitude (A) : It is the height of crest or depth ofa trough of a wave. 


Electromagnetic Wave : 

Light is also a type of wave which is known as electromagnetic wave i.e. wave consisting of oscillating 
electric and magnetic field. 

There are various types of electromagnetic waves (radiation) which differs from one another in wavelengths 
e.g. Visible light, ultraviolet rays, X-rays, infra-red rays, radio waves etc. 


Characteristics of electromagnetic radiations: 


(а) 
(b) 
(с) 


All electromagnetic waves move or travel with the same speed equal to that of light. 

They do not require any medium to propagate. 

These consist of electric and magnetic field that oscillate in the direction perpendicular to each other 
and to the direction in which the wave propagates (as shown in above diagram) 


10.2 Electromagnetic Spectrum 


11. 


Arrangement of various types of electromagnetic radiations in order of their increasing (or decreasing) 
wavelengths or frequencies is known as electromagnetic spectrum. 
4 increases —————› 


SPECTRUM 


When light coming from a source is dispersed by a prism, light of different wavelength are deviated 
through different angles and get separated. This phenomenon is called dispersion and such a dispersed 
light may be received on a photographic plate or it may be viewed directly by eye. A collection of 
dispersed light giving its wavelength composition is called a spectrum. 


(ii) 


Types of spectrum 

Emission spectrum : A substance gets excited on heating at a very high temperature or by giving 
energy and subsequently radiations are emitted. These radiations when analysed with the help of 
spectroscope, spectral lines are obtained. A substance may be excited- 

By heating at a higher temperature. 

By passing electric current at a very low pressure in a discharge tube filled with a gas. 

By passing electric current into metallic filament. 

Emission spectra may be classified as : 


Continuous spectrum : When sunlight is passed through a prism, it gets dispersed into continuous 
bands of different colours. If the light of an incandescent object is resolved through prism or 
spectroscope, it also gives continuous spectrum of colours. 


Ultraveolet 
Violet 4000 A 
Indigo 

Blue 

Green 

Yellow 
Orange 

Red 6500 А 


Infrared 


Comin 


Contimacus spectrum of white light 


Line spectrum : If the radiations obtained by the excitation of a substance are analysed with the 
help of a spectroscope, a series of thin bright lines of specific colours are obtained. There is dark 
space in between two consecutive lines. This type of spectrum is called line spectrum or atomic 
spectrum. For example on heating sodium chloride or any other salt of sodium in Bunsen flame 
bright yellow light is emitted. The emitted light when viewed through a spectroscope two isolated 
n lines separated by dark space are obtained. The wave lengths of these lines are 5890À and 
58964. 


Absorption spectrum 

When the white light of an incandescent substance is passed through any other substance, this 
substance absorbs the radiations of certain wavelength from the white light. On analysing the 
transmitted light we obtain a spectrum in which dark lines of specific wave lengths are observed. 
These lines constitute the absorption spectrum. The wave length of the dark lines correspond to 
the wavelength of light absorbed. 


MAXWELL THEORY OF ELECTROMAGNETIC WAVE 


All the radiations have wave nature which explains interference (linear superposition) and diffraction. 
They consist of oscillating electric and magnetic field perpendicular to each other and to the direction of 
propagation. 

All the radiations (radio waves, micro waves, infra red waves, visible, UV, X-rays, y-rays) travel at the 
speed of light in vaccum. 

Energy of electromagnetic wave is proportional to amplitude and not linked with frequency of waves. 


11 


Draw backs : This theory could not explain the following 
(a) Phenomenon of black body radiations (b) Photoelectric effect (c) Line spectra of atoms 


13. PLANCK'S QUANTUM THEORY 


According to this theory atoms or molecules could emit or absorb energy only in discrete quantities 
(small packets) and not in any arbitrary amount. Planck gave the name quantum to the smallest quantity 
of energy that can be emitted in the form of E.M. radiation. 
The energy ofa photon is proportional to its frequency and is given by 

E = hu where h = 6.626 х 10?* Jsec. 


A body can emit or absorb energy only in terms of the integral multiples of quantum, i.e. 

E-n.hv, wheren- 1,2, 3, ....... 
i.e. a body can emit or absorb energy as hv, 2huv ....... but it can not emit or absorb energy in fractional 
values of ho suchas 1.5 hv, 2.5 hu. 


Einstein supported the planck's theory and explained the photoelectric effect considering that 
electromagnetic radiations also propagate in the form of photon. Energy of each photon depends on 


hc 
frequency of light C =hv = =) 


Since wave character of light explains the interference and diffraction phenomenon while the particle 
character explains, black body radiations and photoelectric effect, the light was considered to have 
wave as well as particle character [Dual character of light.] 


l. Wave nature : diffraction, interference, polarisation. 
2. Particle nature : photoelectric effect. 
Illustration 


1. i) What is the energy and wavelength of photons of frequency 3.4 MHz? 
ii) Also calculate the energy per mole of photons of the same wavelength. 


Sol.  ,-34MHz = 34xl05HZ = 3.4x10°s 7! 


4 = £ = 3X 10's” om 
v 34x 05s! 
Energy, Е = hv =6.626= 10% x 3.4 x 10°] 
=2.253 х 102°) 
Energy per mole of photon = 6.02 х 10? х 2,53 x 10 2° J mol" 
= 1.356 x 10° J mol" 


2. The vapours of Hg absorb some electrons accelerated by a potential diff. of 4.5 volt as a result of which 
light is emitted. If the full energy of single incident e^ is supposed to be converted into light emitted by 
single Hg atom, find the wave no. of the light. 


hc hc 
So E=e.V=— > А=—— = 3.63 x10°m' 
a eV 
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Exercise 


Calculate the number of photons emitted in 10 hours by a 60 W(J/s) sodium lamp 
Q.ofphoton- 5893 A) 


Ans. 6.43 х 10% 


14. PHOTOELECTRIC EFFECT 


Emission of electrons from a metal surface when exposed to light radiations of appropriate wavelength is 
called photoelectric effect. The emitted electrons are called photoelectrons. 


Incident Energy 
light of electron 
= 1/2 mv 


Electron —> Metal 
Work function or threshold energy may be defined as the minimum amount of energy required to eject 
electrons from a metal surface. 


According to Einstein, 
Maximum kinetic energy of the ejected electron = absorbed energy - work function 


1 1 
mv? ыу = hv - hy, = he В u | 


юе 


where, v, and A, are threshold frequency and threshold wavelength respectively. 


Stopping potential : The minimum potential at which the photoelectric current becomes zero is called 
stopping potential. 
If V, is the stopping potential , then 


eV, 7 h(v- v) or V, hs vo) - m 

Some facts of Photoclectric Effect 

(i) There is no time lag between incidence of light and emission of photoelectrons. 

(ii) For emission of photoelectrons, the frequency of incident light must be equal to or greater than the 
threshold frequency. 

(ш) ^ Rate of emission of photoelectrons from a metal surface is directly proportional to the intensity of 
incident light. 

(iv) The maximum kinetic energy of photoelectrons depends on the frequency of incident radiation; but, it is 
independent of the intensity of light used. 
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|| 


KEof || r 
photo electrons K.E. of 
photoelectrons 
Ve — 
Frequency of absorbed photons Intensity of 
incident radiation 
Illustration 
I. The minimum energy required to overcome the attractive forces electron and surface of Ag metal is 7.52 


x 10°"? J. Calculate the maximum K.E. of electron ejected out from Ag which is being exposed to U.V. 
light of 2 = 360 А 


Sol. Energy absorbed = — 


6.62 x 107? x 30 х 10" 
360 x 107? 
= $.52 x 10" erg 
= 5.52 x 1075 Joule 
Maximum kinetic energy of electron= ( 7.52 x 107!) — (0. 552 х 1079) 
= 6.968 x 10-!% Joule 


2. A metal was irriadated by light of frequency 3.2 х 10/5 S^! The photoelectron produced had its KE, 
2 times the KE of the photoelectron which was produced when the same metal was irriadated with a 
light of frequency 2.0 x 10/5 S! . What is work function. 


Sol E,=hv,-¢. E,-hv,-4, 


E, _ hv, -4 po hx3.2x10" —ф, 
E, hv,-4,72^ һх2х10°-ф, 
ф = 319.2 KJ/Mol 


Exercise 


Light of wavelength 4000 À falls on the surface of cesium. Calculate the maximum kinetic energy of the 
photoelectron emitted. The critical wavelength for photoelectric effect in cesium is 6600 A 
Ans. 1.95 х 10"? Joule 


15. BOHR'S ATOMIC MODEL 


This model was based on the quantum theory of radiation and the classical law of physics. It gave new 
idea of atomic structure in order to explain the stability of the atom and emission of sharp spectral lines. 


15.1 
(i) 


(ii) 
(ш) 


(iv) 


(у) 


(м) 


(vii) 


15.2 
(i) 


(ii) 


Postulates 

The atom has a central massive core nucleus where all the protons and neutrons are present. The size of 
the nucleus is very small. 

The electron in an atom revolve around the nucleus in certain discrete orbits. Such orbits are known as 
stable orbits or non - radiating or stationary orbits. 

An electron can move only in those permissive orbits in which the angular momentum (тут) of the 
electron is an integral multiple of h/21 Thus, 


h 
myr =n— 
2a 
where, m = mass of the electron, r= radius of the electronic orbit, v = velocity of the electron in its orbit. 
The l Doka nh ni incipal is kno ization of | 1 
angular momentum сап rm a ES is principal is known as quantization of angular 


momentum. In the above equation 'n' is positive integer which has been called as principal quantum 
number. It can have the values n=1 2,3, ------- (from the nucleus). Various energy levels are designed as 
K(n=1), L(n=2), M(n=3) ------- etc. Since the electron present in these orbits is associated with some 
energy, these orbits are called energy levels. 

The emission or absorption of radiation by the atom takes place when an electron jumps from one 
stationary orbit to another. 


Electrons excited 
by absorbing 
cnergy 


(Energy absorbed) 


Energy radiated 
n= 1 when electrons 
fall back 
(Energy emitted) 


The radiation is emitted or absorbed as a single quantum (photon) whose energy is equal to the difference 
in energy of the electron in the two orbits involved. Thus, AE = hv , where h -Planck's constant and v, 
frequency of the radiant energy. Hence the spectrum of the atom will have certain fixed frequency. 

The lowest energy state (п=1) is called the ground state. When an electron absorbs energy, it gets 
excited and jumps to an outer orbit. It has to fall back to a lower orbit with the release of energy. 


Advantage of Bohr's theory 
Bohr's theory satisfactorily explains the spectra of species having one electron, viz. hydrogen atom, 


„2+ 
Не“ ,Li** etc. 


Calculation of the radius of the Bohr's orbit: 


Suppose that an electron having mass *m' and charge *e' revolving around the nucleus of charge 
‘Ze’ (Z is atomic number & е is charge) with a tangential / linear velocity of ‘v’. Further consider 
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According to Coulomb’s law, the electrostatic force of attraction (F) between the moving electron 
and nucleus is - 


Where : К = constant = —— = 9 x 10? Nm?/C? 
Anto 
А ту? 
and the centripetal force Е = ar 


2 2 
mv KZe 
Hence а 
г г 
2 
2 KZe 
or, v= a d 
mr 0) 
From the postulate of Bohr, 
mr= = 
2л 
2,2 
А п°һ 
d а. Ауа a Nr. 
zm 4x*m*r? (2) 


From equation (1) and (2): 


n^n? 


— 4n*mKZe* 
On putting the value or e, h, m, 


ir-0529. 57A 


Calculation of velocity of an electron in Bohr's orbit : 
Velocity of the revolving electron in n'^ orbit is given by — 


mvr = wr v= 
2л 2amr 


Putting the value of r in above equation 


nh x 4n*mZe? 
then V7 — Qamn2h? 
2nZe* 
yz 
nh 


on putting the values of e and h, 


у= 2.188x10* ж 
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Calculation of energy of an electron : 


The total energy of an electron revolving in a particular orbit is - 


T.E-KE PE 


The К.Е. of an electron = = ту: 


and the Р.Е. of an electron = – 


1 К2е? 
Hence, TE -zmv-—— ë ... 
2 r 
mv KZe* „ _ KZe? 
Ви = н or mv = 
r r r 


Substituting the value of mv? in the equation (3) 
_ KZe? Kze' _ Kze' 
2r r 2r 
| KZe? 
2r 
Substituting the value of ‘r’ in the equation of T.E. . 


TE. 


So, LE. 7 


kZe? 4mZe'mk 21 Z'e*mk? 
— ЯС ЖЕ as 


пее mh oh 
Thus, the total energy of an electron іп п orbit is given by 
2л?7?е*тК?* 
es 
n'h 


=— 13.6 х = eV / atom 
22 


- 21.8 x 107! х т J / atom 


--3136x a Рр mode 


Relation between P. E., K. E. & T. E. : 


Calculation of the number of revolutions of the electron in an orbit per second 


velocity of the electron 


Number of revolutions per sec. = Circumference of the orbit 
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nh 
[On substituting the value of v from myr= =— 


2лг  2xmr 2лг 2л 
nh 
© Ax imr? 
2 2. V 
nh nh 4n mze'k 
No. of revolutions per second = —5—35 = —35— х 2, 3 
pr 4п?тг?  4л?т nh 
4n?mz’e*k? 
= nh? 
| { ; Ал2тг? nih? 

Time taken for one revolution (Time period) = -——' 
nh 4x mzek 


Hlustration 


1. The radius of the an orbit of hydrogen atom is 0.85 nm. Calculate the velocity of electron in this orbit. 


Sol. r=r,n? п? = 16, 
=4 
Z 1 
V=V,. = 2.186 x 10° x7 = 5.44 x 105 m/s 
2. The energy of an excited H-atom is —3.4 eV, Calculate angular momentum of e` in the given orbit. 
Z 13.6 
=. jie 
Sol. 13.6 "E T 
n=2 
h h 
Angular momentum = mvr= — = — 
л 7 
3, Іопіѕабоп energy of hydrogen atomis 13.6 eV. Calculate the ionisation energy for Be" in the first 
excited state. 
Sol Ionization energy of hydrogen= - E, ( Energy of first Bohr orbit ) 


LE.- -E, = [us z) = +13.6x E =13.6eV 
n? 2 


Ionization energy of Ве?" 
Z=4 

n=2 (for 1“ excited state ) 
4? 

LE.= \ 3.6 3 =54.4 eV 
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Exercise 


The ionization energy of H-atom is 13.6 eV. Calculate the ionization energy of Li’? ion - 
Ans. 122.4eV 


15.3 Hydrogen Spectrum 
Hydrogen spectrum is an example of line or atomic emission spectrum. When an electric discharge is 
passed through hydrogen gas at low pressure, a bluish light is emitted. This light shows discontinuous line 
spectrum of several isolated sharp lines through prism. All these lines of H-spectrum have Lyman, Balmer, 
Paschen, Barckett, Pfund and Humphrey series. These spectral series were named by the name of 
scientist discovered them. To evaluate wavelength of various H-lines Rydberg introduced the following 
expression, 


Where R is a constant known as Rydberg's constant its value is 109, 67800 m^! . 


Although H- atom consists only one electron yet it's spectra consist of many spectral lines because 
electrons in different hydrogen atoms absorb different amount of energies and are excited to 
different energy levels. Since life time of electrons in these excited states is very small, they return 
to some lower energy level or even to the ground state in one or more jumps 


P 

© 

N 
Paschen 
scries 

N 

L A 


Brackett 
=o +— 


Pfund 
senes 
Lyman 
series 


nín-1) 


Maximum number of lines produced when an electron jumps from nth level to ground level = > 


(A) 


(B) 


(C) 


(D) 
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Lyman Series 
(a) Itisa first series of spectral series of H. 
(b) It was found out in ultraviolet region in 1898 by Lyman. 
(c) It's value of n, = 1 and n, = 2, 3, 4 where ‘n,’ is ground state and ‘п,’ is called excited state of 
electron present in a H - atom. 
(d) Iftheelectrongoeston, =1 fromn, =2 — first Lyman series 
Ifthe electron goeston,=1  fromn, =3 — Second Lyman series 
If the electron goes ton, = 1 fromn, =4 — third Lyman series -—-- so on. 


1 E 4 
© == Ry, [Fp | Where п, > 1 always. 


с. 
(f) For marginal line or limiting linen, = о. Hence the wavelength of marginal line= E forall series. 
H 


So, for lyman series it is 8 
Ri 
Balmer series : 
(a) Itis the second series of H-spectral series. 
(b) It was found out in 1892 in visible region by Balmer. 
(c) Balmer series was found out before all series because it was found in visible region. 
(d) It's value of n, = 2 and n, =3, 4, 5........... 
(e) If the electron goes to n, = 2 from n, = 3 — First Balmer series 

If the electron goes to n, = 2 from n, = 4 — Second Balmer series 

If the electron goes to n, = 2 from n, = 5 — third Balmer series .... so on 

n, 2 4 

(f) The wavelength of marginal line of Balmer series = К, т ЕГ 


1 1 1 
(g) А = | 3^ | where п, >2 always 


Paschen series : 


(a) It is the third series of H - spectrum. 
(b) It was found out in infra red region by Paschen. 
(c) It's value of n, = 3 and п, = 4, 5, 6 ............ 
(d) If the electron goes to n, = 3 from n, = 4 — First paschen series 
If the electron goes to n, = 3 from n, = 5 — second paschen series 
If the electron goes to n, = 3 from n, = 6 — third paschen series ------ so on. 
. п Y 9 
(e) The wavelength of marginal line of paschen series = R. x R R.- 
H H H 


сеи Иа Я 
оу 3 nj where n, > 3 always. 
Brackett series : 

(a) It is fourth series of H - spectrum. 

(b) It was found out in infra red region by Brackett. 
(c) It's value of n, =4 and n, = 5, 6, 7 ................ 
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(E) 
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(d) If the electron goes to n, = 4 from n, = 5 — first brackett series 
If the electron goes to n, 74 from n, = 6 — second brackett series 
If the electron goes to n, =4 from n, = 7 — third brackett series ------ so on. 


1 1 1 
йу Ry 4 ny Where n, > 4 always. 
Pfund series : 

(a) It is fifth series of H - spectrum. 

(b) It was found out in infra red region by Pfund. 


(c) It's value of n, = 5 and n, = 6, 7, 8............... 


(d) If theelectrongoeston, 7-5 ботп, =6 — first Pfund series 
Ifthe electron goeston,=5 fromn,=7 — second Pfund series 
Ifthe electron goeston,=5 fromn,=8 — third Pfund series -----so on. 
E 9 105 
(e) The wavelength of marginal line of Pfund series = 5 73, = 
R H Ry R H 


(рг 3. 
(f) X "s. n; where n, 7 5 always. 
Humfrey series : 

(a) Itis the sixth series of H - spectrum. 

(b) It was found out in infra-red region by Humfrey. 
(c) It's value of n, = 6 and n, = 7, 8, 9 -——— 


(d) Ifthe electron goeston,=6  fromn,-7 — first Humfrey series 
Iftheelectrongoeston, 7-6 fromn,=8 — second Humfrey series 
If theelectrongoeston, -6 — fromn,- 9 — third Humfrey series ... so on. 
n; 62 36 


(e) The wavelength of marginal line of Humfrey series = = “Шо Ой, 
н н H 


1 1 1 
(f i-a = where n, > 6. 


Note :a - line = first line of series. 


Similarly -line = second line of series 
For example : First line (a-line) of Paschen series will be from n, = 4 to n, = 3 


Calculation of Rydberg Constant from bohr’s atomic model 


Suppose that an electron transist from first energy level to second energy level. Then, the change 
of energy is given by 


AE = E, - E, 
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—2n*mZ7e*k* -2x mZe'k? hc -2xmZek [1 1 
т | xw || ав г н ET 
i 2xrmzeékK|1 |! STi] 
2 "e" 

or, Ry, = a = = Rydberg constant 
Illustration 
1. Calculate the wavelength of radiation emitted, producing а line in Lyman series, when an electron falls 

from fourth stationary state in hydrogen atom. 

SA- Е ӨЕ: г 

Sol. "лы RZ- n? п? 

1 D" n 

7 R|p 42 (For H-atom, Z= 1, Lyman series; n, = 1) 

à =9.7x10%m 
2. Calculate the wave no. for the shortest wavelength transition in the Balmer series of atomic hydrogen. 
Sol For shortest wavelength n, — 0 

1 1 R 

У = SE x >| = — = 27419.25 em" 

© B 

3. Calculate the energy emitted when electrons of 1.0 gmatom of Hydrogen undergo transition 

giving the spectral lines of lowest energy in visible region ofitsatomic spectra. Given that, К, = 

1.1х 10’ m',c =3 х 10* m/sec, һ = 6. 625 х 10% J sec. 
Sol Visible region of H- spectrum correspond to Balmer series n, = 2, п, = 3 ( for minimum energy 


transition ) 


TES -R,-| 4-4] 1 LR J zl E у=] 1-3] 
1 2 


[RH = 109677 cm = 109677 х 100 m? = 1.1 10° m^] 


à = 655x107 m 


3 -M b 
Ее. СЕЕ s = 3.03 х 10” Joule 
À 6.55х10 
2. Energy released by 1 gm atom of H( 1 mol ) 


=3.03 x10'* х 6. 023 x10? = 18.25 х 10*]Ј =182.5kJ 
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Exercise 


Calculate ratio of wavelength of limiting line of Balmer and Paschen series for an atom . 
Ans. 4/9 


15.5 Failure of Bohr Model 
(1) Bohrtheory was very successful in predicting and accounting the energies of line spectra of hydrogen 
i.c. one electron system. It could not explain the line spectra of atoms containing more than one electron. 
(1) This theory could not explain the presence of multiple spectral lines. 
(iii) This theory could not explain the splitting of spectral lines in magnetic field (Zeeman effect) and in 
electric field (Stark effect). The intensity of these spectral lines was also not explained by the Bohr 
atomic model. 
(iv) This theory could not explain uncertainty principle. 


16. PARTICLE AND WAVE NATURE OF ELECTRON 


In 1924, de Broglie proposed that an electron, like light, behaves both as material particle and as a 
wave. This proposal gave a new theory, known as wave mechanical theory of matter. According to this 
theory, the electrons, protons and even atoms, when in motion, posses wave properties. 


de Broglie derived an expression for calculating the wavelength of the wave associated with the electron. 
According to Planck's equation 


E-hv-h.T 1) 

=hv=h. Keene ( 

The energy of a photon on the basis of Einstein's mass-energy relationship is 
Emm” ы (2) 


where, c is the velocity of the electron. 
From (1) and (2) equation 


Momentum of the moving electron is inversely proportional to its wavelength. 
Let kinetic energy of the particle of mass ‘m’ is E. 


1 
EE, 
Б= mv 


2Ет = mv 
J2Em = ту= p (momentum) 
h h 
= р “2Ет 
Leta charged particle, with charge q be accelerated with a potential of V; then the kinetic energy may be 
given as :E=qV 
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and, À = 2дут "UU edil (5) 
(А)  deBroglie wavelength associated with charged particles 
12.27 
For electron: „=———А 
VV 
„ _ 0.286 А 
For proton : A= Jv 
0.101 
For a - particles : =-= А 
VV 


where, V = accelerating potential of these particles 
(B) de Broglie wavelength associated with neutron 


h 6.62104 0.286 
Forneutron: А= Em J2x1.67x10’xE  VE(eV) A 


The wavelength decreases if the value of mass (m) increases i.e. de Broglie equation is applicable in the 
case of smaller particles like electron and has no significance for larger particles. 


Derivation of Angular Momentum from de Broglie Equation: 
According to Bohr's model, the electron revolves around the nucleus in circular orbits. According to de 
Broglie concept, the electron is not only a particle but also has a wave character . If the wave is completely 
in phase, the circumference ofthe orbit must be equal to an integral multiple of wave length (A). 


2nr = nÀ 
where 'n' is an integer and "т is the radius of the orbit 
But A=h‘my 
<. 2nr = nh /mv 
or mvr 7 nh / 27 


which is Bohr's postulate of angular momentum, where 'n' is the principal quantum number. 
"Thus, the number of waves an electron makes in a particular Bohr orbit in one complete revolution is 
equal to the principal quantum number of the orbit". 


Illustration 


What is de Broglie wavelength for a hydrogen atom moving with a velocity of 2000 ms" ? (Atomic 
mass of hydrogen = 1. 00797 a.m. и ) 


1.0097 


. Mass тна: 7 7а 
Sol fass of a hydrogen atom 602x195 È 


1.68 x 102+ g= 1.68 x 1027 kg 


а TO mi 
: x 2000 
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Exercise 


Determine the de Broglie’s wavelength of electron emitted by a metal whose threshold frequency is 
2.25 x 10'* Hz when exposed to visible radiation of wavelength 500 nm. 


Ans. 9.84 A 
17. HEISENBERG'S UNCERTAINTY PRINCIPLE 
(a) While treating e^ as a wave it is not possible to ascertain simultaneously the exact position and 
velocity of the e more precisely at a given instant since the wave is extending throughout a region 
of space 
(b As the photons of longer wavelengths are less energetic, hence they have less momentum and 
cannot be located exactly 
(c) In 1927, Warmer Heisenberg presented a principle known as Heisenberg's uncertainty principle 
(d) ^ According to this principle it is impossible to measure simultaneously the exact position and exact 
momentum of a body as small as an electron. 
(e) If uncertainty of measurement of position is Ax and uncertainty of measurement of momentum is 
Ap or mav, then according to Heisenberg 
h h 
Ax. Ap2 = or Ax . mAv 2 zz 
where h is planck’s constant 
(f) For other conjugates of motion the equation for Heisenberg's uncertainty principle may be given 
as 
h З 
AE. At 2 pm (for energy and time) 
(g) Ике de Broglie equation, this principle has significance only for microscopic particles. 
Illustration 
An electron having velocity 2 x 105 m/s has uncertainty in kinetic energy is —— х 107?! J, then 
calculate the uncertainty in position (in Angstrom, A) of the electron. [Given : h = 6.62 x 1072 J-sec] 
] 3 
Sol. KE= уту? v=2x 10° ms 
d(KE) = туйу 
jy = SDD i B ee. 2 
T e - ч Ах=д Ау 2) 
һ 6.62 107% x 2x10* 
Ax = = <= Д 
4nm KE? 4хх 6:62 10-2 
mv л 
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Exercise 


A measurement establishes position of a proton with an accuracy of + 1077? m. Find the minimum 
uncertainty in proton's position | second later. 


Ах = + 10709 m 
7. According to Heisenberg's Uncertainty Principle 
h 6.62x10?* 
A dod = = 0.3156 x 103 
V^ Amm(Ax) ^ 4x3.14x1.67x10 7 1070 — 02156 * 
Av = Ax / M 


hence Ax (minimum uncertainty in position after one sec.) = Av x At 
-03156x10 x1 =3,15х I0? m Ans. 


WAVE MECHANICAL MODEL OF ATOM 


The atomic model which is based on the particle and wave nature of the electron is known as wave 
mechanical model ofthe atom. This was developed by Erwin Schrodinger in 1926. This model describes 
the electron as a three-dimensional wave in the electronic field of positively charged nucleus. Schrodinger 
derived an equation which described wave motion of an electron. The differential equation is : 


2 d 
d^y Ate 


(E-V)v-0 


Where x, y and z are cartesian coordinates of the electron; т = mass ofthe electron; E=total energy of 
the electron; V= potential energy of the electron; h = Planck's constant and w(psi) = wave function of 
the electron. 


Significance of y : The wave function may be regarded as the amplitude function expressed in terms of 
coordinates x, y and z. The wave function may have positive or negative values depending upon the 
values of coordinates. 


The main aim of Schrodinger equation is to give a solution for the probability approach. When the 
equation is solved, it is observed that for some regions of space, the value of v is positive and for other 
regions the value of y is negative. But the probability must be always positive and cannot be negative. It 
is, thus, proper to use y? in favour of y. 


Significance of y? : y? is a probability factor. It describes the probability of finding an electron within 
a small space. The space in which there is maximum probability of finding an electron is termed as 
orbital, 


The important point of the solution of this equation is that it provides a set of number, called quantum 
numbers, which describe energies of the electrons in atoms, information about the shapes and orientations 
of the most probable distribution of electron around the nucleus . 

Wave function y can be plotted against distance *r' from nucleus as, 


For hydrogen wave function, number of nodes can be calculated as, 
(i) Number of radial nodes = (n - /— 1) 

(ii) Number of angular nodes = / 

(iii) Total number of nodes = (n -1) 


Examples : (i) For 1s — orbital n = 1, /=0, it will have no radial or angular node 

(ii) For 2s—orbital, n = 2, [= 0, it will have only one radial node 

(iti) For 3s-orbital, п = 3, /=0, it will have two radial nodes 

(iv) For 2p-orbital, n = 2, /= 1, it will have no radial node but it has only one angular node 
(v) For 3p-orbital, n = 3,1 1, it will have one radial and one angular node 


Solution of Schrodinger wave equation : 


In spherical co-ordinates (x, у, 2) is represented by w (г, Ө, 6) such that complete wave function can 
be given as 
dis R()  e(ek(o) 
y(r, 0, )= Radial part © Angular part 
Dependance of the wave function on quantum number can be given as, 


: Й (г. 0, ©) = Ri (r) Ө, (ф) o (9) 


The function R depend only on r, therefore they describe the distribution of the electron as a function of 
г from the nucleus. These functions depend upon two quantum numbers, n and /. The two functions © 
and qp taken together give the angular distribution of the electron. 

The radial part the wave function for some orbitals may be given as, 


27 
Plot of Radial Wave Function ‘R’: 


2p 
R R 
p—À r—» 
At node, the value of ‘R changes from positive to negative. 
Plot of Radial Probability Density *R?' : 

Is 

\ 2р 
| Г 

ge гә 


The plot of probability i.e. R? or V? are more meaningful than the plots of function themselves. It can be 
seen that for both Is and 2s orbitals, the probability has a maximum value at r= 0, i.e. in the nucleus. In 
case of 2s orbital, one more maximum in the probability plot is observed. 


Plot of Radial probability Function (4xr?R?) : 


In order to visualize the electron cloud within a spherical shell is placed at radii *r' and ‘r+ dr" from the 
nucleus. Thus radial probability function describes the total probability of finding the electron in a spherical 
shell of thickness ‘dr’ located at the distance r from the nucleus. 

R.P.E. = (Volume of spherical shell) x Probability density = (4zr* dr) x R? 


4nrR' — 


4n ә 
4nrR' — 


In the plot of radial probability against *r', number peaks, i.e. region of maximum probability =n— 1. 
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Illustration 


Ans, 


Radial 
probability 
density i 
i 
Y! 
Distance from nucleus —» 


If the above radial probability curve indicates ‘2s’ orbital, the distance between the peak points X & Y 


15- 

(А) 2.07 А (В) 1.59 А (С) 0.53 А (0) 2.12 А 
(А) 

X=0.53 A, Y =2.6 А 

Ү-Х= 2.60.53 = 2.07 А 


Exercise 


Plots for 2s orbital are: 


\ | | | 


X, Y and Z are respectively 
(A)R, R? and 4x? R? (В) А2, Rand4ar-R? (C)4n?R?, Rand К (D) R2, 4x7 R? and R 


Ans. (B) 

19. QUANTUM NUMBERS 

(a) The measurement scale by which the orbitals are distinguished, can be represented by sets of 
numbers called as quantum number. 

(b Quantum numbers are to specify and display to complete information about size, shape and 
orientation of the orbital. These are principle, azimuthal and magnetic quantum number, which 
follows directly from solution of schrodinger wave equation. 

(c) Except to these quantum numbers, one additional quantum number designated as spin quantum 
number, which specify the spin of electron in an orbital. 

(d) ^ Each orbital in an atom is specified by a set of three quantum numbers and each electron is 
designated by a set of four quantum numbers. 

19.1 Principal quantum number (n) : 

(a) It was proposed by Bohr and denoted by *n'. 

(b) It determines the average distance between electron and nucleus, means it is denoted the size of 
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19.2 
(a) 
(b) 
(c) 
(d) 
(e) 


(f) 
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It determine the energy of the electron in an orbit where electron is present. 

The maximum number of an electron in an orbit represented by this quantum number as 2n". 
It gives the information of orbit K, L, M, N, ... 

The value of energy increases with the increasing value of n. 

It represents the major energy shell from which the electron belongs. 


Azimuthal quantum number or angular quantum number (4 - 

It was proposed by Sommerfield and denoted by ‘Z. 

It determines the number of subshells or sublevels to which the electron belongs. 

It tells about the shape of subshells. 

It also expresses the energies of subshells s < p « d « f (Increasing energy). 

The value of Zis integral values upto (n — 1), starting from zero where ‘n’ is the number of principle 
shell. 


Value of Z 


Name of 
subshell 


Shape of Clover leaf 
orbital (Except d ; 
doughtnut) 


; em h 
It represent the orbital angular momentum, which is equal to x Vf(é+)). 


The number of electrons in subshell = 2(22+ 1). 


For a given value of ‘п’ the total value of ‘£’ is always equal to the value of ‘п’. 


Magnetic quantum number (m) : 

It was proposed by Linde and denoted by *m'. 

It gives the number of permitted orientation of subshells. 
The value of m varies from — /to + Zthrough zero. 


It tells about the splitting of spectral lines in the magnetic field i.e. this quantum number proved the 
Zeeman effect. 

For a given value of ‘n’ the total value of *m' is equal to n?. 

For a given value of ‘¢ the total value of *m' is equal to (24+ 1). 

Degenerate orbitals - Orbitals having the same energy are known as degenerate orbitals. 

e.g. for p subshell P,, P, and P, are degenerate orbital 

The number of degenerate orbitals of s subshell = 0. 
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19.4 Spin quantum number (s) : 
(a) It was proposed by Goldshmidt & Uhlenbeck and denoted by the symbol of ‘s’. 
(b  Thevalucof's'is + or — ^, which is signified as the spin or rotation or direction of electron on it's axis 
during the movement. 
(c) The spin may be clockwise or anticlockwise. 
h —— 
(d)  Itrepresents the value of spin angular momentum is equal to on ¥s(st+l1). 
(e) Maximum spin ofan atom = 4 х number of unpaired electron. 
illustration 
1. The correct order of atomic orbitals іп terms of energy between 8s and 8p orbital are 
(A) 7d, 6f (B*) 5g, 6f, 7d (C) 6d, 7f (D) 4h, 5g, 6f, 7d 
Sol (nH): 85 — 8+0=8 
8p — 8+1=9 
5g — 5+4=9 
6f — 6+3=9 
7d — >» 7+2=9 
correct order ——» 8s 5g 6f 7d 8p 
2. Which of the following set of quantum number is valid/invalid. In case of valid set write the symbol of the 
orbital it represents [may have more than one answers] & in case it is invalid mention the reason. 
n | m 
(i) 3 not known 0 
(but less than 3) 
(ii) -2 -l +1 
(ш 4 2 -1 
Sol. (i) Valid, 3s/3p/3p /3p/ 3d > 2 /3d , Bd, Bd 3d; 
(ii) Invalid'n' cannot be negative’ 
(iii) Valid 4d, 2/4 а, /Ad, /4d,, 
Exercise 


How many electrons ina given atom can have the following quantum numbers — 
(a) n=4, 7-1 (b) n= 2, /= 1, т=-– 1, 5 = + 1 
(c) п= 3 (9) п= 4, 4= 2, т = 0 
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20. SHAPE AND SIZE OF ORBITALS 


An orbital is the region of space around the nucleus within which the probability of finding an 
electron of given energy is maximum (90-95%). The shape of this region (electron cloud) gives the 
shape of the orbital. It is basically determined by the azimuthal quantum number /, while the 
orientation of orbital depends on the magnetic quantum number (m). 


20.1 s-orbital (/ = 0) : These orbitals are spherical and symmetrical about the nucleus. The probability 
of finding the electron is maximum near the nucleus and keeps on decreasing as the distance from 
the nucleus increases. There is vacant space between two successive s-orbitals known as radial 
node. But there is no radial node for 15 orbital since it is starting from the nucleus. 

The size of the orbital depends upon the value of principal quantum number (n). Greater the value 
of n, larger is the size of the orbital. Therefore, 

2s-orbital is larger than 1s orbital but both of them are non-directional and spherically symmetrical 
in shape. 


20.2 p-orbital (/ = 1): The probability of finding the p-electron is maximum in two lobes on the opposite 
sides of the nucleus. This gives rise to a dumb-bell shape for the p-orbital. For p-orbital / = 1. 
Hence, m = -1, 0, +1. Thus, p-orbital have three different orientations. These are designated as 
р,. р, & p, depending upon whether the density of electron is maximum along the x y and z axis 
respectively. As they are not spherically symmetrical, they have directional character. The two lobes 
of p-orbitals are separated by a nodal plane, where the probability of finding electron is zero. 
The three p-orbitals belonging to a particular energy shell have equal energies and are called 
degenerate orbitals. 


20.3  d-orbital (/7 2): 
For d-orbitals, ] = 2. Hence m = -2,-1, 0, +1, +2. Thus there are 5d orbitals. They have relatively 
complex geometry. Out of the five orbitals, the three (d, d... d,,) project in between the axis and the 


other two d, and d,: ,- lie along the axis. 
20.4 Spherical nodes : The spherical surface where probability of finding the electron is zero, is called 


spherical nodes. 
No. of spherical nodes in any orbital = n— /— 1 


20.5 Nodal Plane : This is a plane passing through the nucleus where the probability of finding the electron 
is zero. 
Number of nodal plane in a orbital = / 
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ELECTRONIC CONFIGURATION 


The distribution of electrons in different orbitals of atom is known as electronic configuration of the 
atoms, 


Filling up of orbitals in the ground state of atom is governed by the following rules: 


Aufbau principle 
Auf bau is a German word, meaning "building up’. 
According to this principle, "In the ground state, the atomic orbitals are filled in order of increasing 
energies i.e. in the ground state the electrons first occupy the lowest energy orbitals available". 
In fact the energy of an orbital is determined by the quantum number n and / with the help of (n*/) 
rule or Bohr Bury rule. According to this rule 
(a) Lower the value of n + /, lower is the energy of the orbital and such an orbital will be filled 
up first. 
(b) When two orbitals have same value of (n + /) the orbital having lower value of "n" has lower 
energy and such an orbital will be filled up first . 

Thus, order of filling up of orbitals is as follows: 


Is «2s «2p «3s «3p « 4s « 3d « 4p « 5s « 4d « Sp « 6s « Af « Sd 


However, in one electron system, orbital of same principal quantum number have same energy, 
which is independent of (/). In this system / only determines the shape of the orbital. Energy of 
orbitals are 


15 < 25 = 2p < 3s = 3p = 3d < 4s = 4р = 4d = 4f 


Pauli's exclusion principle 


According to this principle, "No two electrons in an atom can have same set of all the four quantum 
numbers n, /, m and s . 


(ii) 


(ш) 


(iv) 


(у) 
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Іп an atom any two electrons may have three quantum numbers identical but fourth quantum 
number must be different. 

Since this principle excludes certain possible combinations of quantum numbers for any two electrons 
in an atom, it was given the name exclusion principle. Its results are as follows : 

(a) One orbital cannot have more than two electrons. 

(b) The maximum capacity of a main energy shell is equal to 2n electrons. 

(c) The maximum capacity of a subshell is equal to 2(2/ + 1) electrons. 

(d) Number of sub-shells in a main energy shell is equal to the value of n. 

(e) Number of orbitals in a main energy shell is equal to n? 


According to this principle an orbital can accommodate at the most two electrons with spins 
opposite to each other. It means that an orbital can have 0, 1, or 2 electron. 


If an orbital has two electrons they must be of opposite spin. 


Correct Incorrect 


Hund's Rule of maximum multiplicity 

This rule provides the basis for filling up of degenerate orbitals of the same sub-shell. 
According to this rule "Electron filling will not take place in orbitals of same energy until all the 
available orbitals of a given subshell contain one electron each with parallel spin". 


This implies that electron pairing begins with fourth, sixth and eighth electron in p, d and f orbitals 
of the same subshell respectively. 


The reason behind this rule is related to repulsion between identical charged electron present in the 
same orbital. 


They can minimise the repulsive force between themselves by occupying different orbitals. 
Moreover, according to this principle, the electron entering the different orbitals of subshell have 
parallel spins. This keep them farther apart and lowers the energy through electron exchange. 


The term maximum multiplicity means that the total spin of unpaired is maximum in case of correct 
filling of orbitals as per this rule. 


Spin multiplicity = (no. of unpaired electron + 1) 


Electronic A of some elements 


[Hieron configuration | 


1s! 

1s? 2s? 2p? or [He] 2s? 2p? 

1s? 252 2p* 3s? 3p! or [Ne] 3s? 3p* 

152 2s? 2p* 3s? 3p* 34° 4s? or [Ar] 3d? 452 


Exceptional electronic configuration 


S.No.| Elements | 
э 


Electronic configuration 


152 2s? 2p® 3s? 3p* 3d° 4s! or [Ar] 34° 4s! 
Copper 152 2s? 2p* 3s? 3p* 3d'^ 4s! or [Ar] 34! 45! 


-— CN (6 чт лл ND MD ND SD SD MD 2\20 SD 


RAMAN NSAN €) еч еч — €) €4 NNN NN NNN €4 AN NN €4 €4 €) €3 C1 сч 


с со со со Оо Оо Оо о Оо Оо Оо Оо Оо о Оо Оо Оо Ооо ооо 
— ANH иу ND г- оо 


= N en tB un SO SO SD NO NO NO SO SO SO SD SO SOMOS SOOO OOo 


-NNNNA CI CJ сї сч сї сї сї сї сї сї сї сї CI NN CI сї N CI NN AN NNN CJ сї сї сї CJ сї сї сч 
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21.4 Extra stability of half filled and completely filled orbitals 


(i) 


(ii) 


Half-filled and completely filled sub-shell have extra stability due to the following reasons : 

Symmetry of orbitals 

(a) It is a well known fact that symmetry leads to stability. 

(b) Thus, if the shift ofan electron from one orbital to another orbital differing slightly in energy results in the 
symmetrical electronic configuration. It becomes more stable. 


(c) For example p*,d°, f^ configurations are more stable than their near ones. 


Exchange energy 

(a) The electron in various subshells can exchange their positions, since electron in the same subshell have 
equal energies. 

(b) The energy is released during the exchange process with in the same subshell. 

(c) In case of half filled and completely filled orbitals, the exchange energy is maximum and is greater than 
the loss of energy due to the transfer of electron from a higher to a lower sublevel e.g. from 4s to 3d 
orbitals in case of Cu and Cr. 

(d) The greater the number of possible exchanges between the electrons of parallel spins present in the 
degenerate orbitals, the higher would be the amount of energy released and more will be the stability. 

(e) Let us count the number of exchange that are possible in and configuration among electrons with 
parallel spins. 


NNN m m. 
so MD ийини MMEO 


3 exchanges by Ist e- 2 exchanges by 2nd є" Only 1 exchange by 3rd e 
To number of possible exchanges = 3 + 2 + 1 =6 


"m сү ч < + as > 
so 9 GREE ийини иййий 


4 exchanges by Ist e* 3 exchanges by 2nd e 2 exchange by 3rd e 


CIERERER ERES 


l exchange by 4th e 


To number of possible exchanges = 4+3+2+1=10 


21.5 Writing electronic configuration of ions 


In ionizaiton electron(s) are removed from outer-shell first (i.e. 4s) while, electrons are filled according 
to energy level. 
For example : - 


(i) Fe : 1s? 2s? 2p 3s? 3р® 4s? 3d* (ii) Fe?* : 152 252 2p* 3s? 3p* 3d* 
(iii) Fe?* : 152 252 2p5 352 3p* 3d* (iv) Сг: 152 2s? 2p* 3s? 3p* 4s! 34° 
(v) Cr* : 152 2s? 2p* 3s? 3p* 3d’ (vi) CI : 1s? 2s? 2p* 3s? 3p® 
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SOLVED EXAMPLES 


Q.1 Electromagnetic radiations of wavelength 242 nm is just sufficient to ionise sodium atom. Calculate the 
ionisation energy of sodium in kJ mol '. 
6.62x107* x 30x10* : 
Sol. Energy associated witha photon of242nm = — OMAIx0? — = 8.21 x 107% joule 
`7 l] atom of Na for ionisation requires = 8.21 x 107 J 
2. 6.023 х 10? atoms of Na for ionisation requires = 8.21 x 10° х 6.023 x 10? 
= 49.45 x 10* J = 494.5 kJ mol" 


Q.2  Whattransition in the hydrogen spectrum would have the same wavelength as the Balmer transition 
n-4ton-20ofHe' spectrum? 


1 1 
Sol. For He’, Z=2 !-RZ Fara 


For H,Z= 1 


Since A is same 


1 1 1 1 

[2-3] - [5-3] 5 n,-1 and n,-2 

Q.3 Calculate the longest wavelength which can remove the electron from I* Bohr's orbit. Given 
E, = 13.6 eV. 

Sol.  Thephoton capable of removing electron from I Bohr's orbit must possess energy 

= 13.6 eV 

-213.6x1.602x10"J = 21.787 х 10? J 

hc 


= ө 
+ 


2 
6.621074 x 3.0x10* 


^. 
à = 912.24 x 10° т = 912.24 А 


21.787 x 10” = 


Q.4 Show that the wavelength ofa 150 g rubber ball moving with a velocity 50 m sec! is short enough to be 


observed - 

h 
Sol. Уд x ж = 
mv 


Given v = 50 msec"! 


= 50 х 10° cm sec”; т=150р 
_ 662x107 
150x 50x10 
The wavelength is much lesser than that of visible region and thus it will not be visible. 


= 8.83 x 107? cm 
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Q.5 


Sol. 


Q.6 


Sol. 


(a) 
(b) 


(c) 


07 


Sol. 
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An element undergoes a reaction as shown — 

X + 2e ——> X*, energy released = 30.87 eV/atom. If the energy released, is used to dissociate 8 gms 
of H, molecules, equally into Н? and I 1°, where H” isan excited state of H atoms where the electron 
travels in orbit whose circumference equal to four times its de Broglie's wavelength. 

(a) Calculate the excited state of H 

(b) Determine the least amount of X that would be required. 

Given: IE of = 13.6 eV/atom, Bond energy of H, = 4.526 eV/molecule. 


(a) 2nr = 4), 
aA n=4 
(b) Де Total energy required 


= 4х 4.526eV х 6023 x 102 +4 х 13.6 х 6023 x 103+ 4 x 12.75 eV х 6.023 x 107 
= 4 x 6.023 x 10? [ 30.876] 
-. moles of X required = 4 moles 


Light of frequency 7.5 x 10'+Hzis incident оп a metal surface. A curve | 

between KE,,.. v/s incident frequency is plotted as shown. Find KE (e V) 

(a) The stopping potential 

(b) Magnitude of the slope of curve given. -1.1 ev] vs!) — 
(c) Intercept on x-axis 

KE... = hv- hv, (1) 


hy, = 1.1 eV (from the given curve) 
Incident energy =hv 

6.62x10 7? x7.5 
аа аа 


= 6.62 x10 х7.5 х107!* J {бе =з 
КЕ =3-1-1.1= 2eV | 
We know that 
Stopping potential =KE ele 
=2V 
Magnitude ofslopeofcurve =h 
6.62x10 “Js 5 
= 0414x104 
1.6x10 
Intercept on x-axis = Threshold frequency 
lley 1.1 


== heV=s = 414x195. ^ 255 х10!#Н> Ап. 


How many electrons ina given atom can have the following quantum numbers — 
(a) n=4,/=1 (b)n=2, /=1, т=-– 1, 5 = + 15 
(c) п= 3 (4) п= 4, /=2,m=0 
(а) /=1 refers to p -subshell which has three orbitals (p,. p, and p,) each having two electrons. 
Therefore, total number of electrons are 6. 
(b) /=1 refers to p - subshell, m =— 1 refers to p, or p, orbital whereas, s = +! indicate for only 1 
electron. ` 
(с) Number of electrons for any energy level is given by 
2m ie. 2 x 3° = 18 electrons 
(4) /=2 means d-subshell and m = 0 refer to dz? orbital 
Number of electrons are 2. 
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Q.8 


Sol. 


Sol. 


Q.10 


Sol. 


Q.11 
Sol. 


Q.12 


What designation will you assign to an orbital having following quantum number — 

(a) n=3, {= 1, =-1 

(b) п= 5, 4=0, m=0 

(с) п= 2, 4=1, m=0 

(а) Since /= | corresponds to p-orbital and m = –1 shows orientation either in x or y axis, thus this 
orbital refers to 3p, or 3p, or 3p, 

(b) 5s 

(с) 2p, or 2p, or 2p, 


Which of the following set of quantum numbers are not permitted 

(а) п = 3, 4=2,m=-2,s=+1/2 

(0) п= 3, 4=2,m=-1,s=0 

(с) п = 2, 4= 2, т= +1, 5 = – 1/2 

(a) This set of quantum number is permitted. 

(b) This set of quantum number is not permitted as value of ‘s’ cannot be zero. 

(c) This set of quantum number is not permitted as the value of */' cannot be equal to ‘п’. 


(a) Forany multielectron specie, compare the energies of following orbitals. Justify [External 
magnetic & electric fields are absent] 
Orbitals to be compared 3d... 2s, 4p., 4p 

(b | Comparethe "average distance" of the following orbitals from the nucleus. Also comment on 
their ‘Chances of closeness to the nucleus" if they have same average distance" 
Orbitals to be compared 15, 2s, 3s, 3p,, 3d... 


(a) 2s < 3d, < 4p, = 4p, 
Justification compare (n + /) & if (n + /) same then 'n' 
(b) Average distance (on the basis of n) 
Is «2s € 3s 7 3p, = 3d,, 
Closeness comparison ` 
3s will be more close as compared to 3p, as compared to 3d,, 


Calculate energy of electron which is moving in the orbit that has its radius, sixteen times the radius of first 
Bohr orbit for H-atom. 
г=г,п? => п? = 16 => п=4 


218х107! 
Е = ШЕ E = — 1.36 х 107! J/atom 


Wavelength of the Balmer H, line is 6565 A. Calculate the wavelength of I I, , line of same hydrogen 


like atom. 
For a-line of Balmer Series 


тиу 
Aa zo 24 


For В-іпе of Balmer series 
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Q.13 


Sol. 


Q.14 


Sol. 


Q.15 


Sol. 
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ue -12 
The electron energy in hydrogen atom is given by Е, = кы, Calculate the energy required 
n? 


toremoveane completely from n=2 orbit . What is the largest wavelength in cm of light that can be 
used to cause this transition. 


For complete removal from n= 2 


Wt 
АЕ = +2.1 Т 1 


2? mw 


= 5.4 25 x 1097" erg 


hc 
CAES = — X5 w37x1650àa 
X AE, 


Calculate the threshold frequency of metal if the binding energy is 180.69 KJ mol"! of electron. 


‚ eV 1.80.69 10° 
AE | in ре € 19 
atom 6.02 x 10^ x1.6x10 
v = 4,5 x 104s"! 


=hv 


U.V. light of wavelength 800 A & 700 A falls on hydrogen atoms in their ground state & liberates 
electrons with kinetic energy 1.8 eV and 4 eV respectively. Calculate planck's constant. 


he he 
E, = xo^ Е,= a, * 
he he 
E -—=E,-—= 
кы UR % 


E c 


(Е, T E,) ., 
h= (у лус = 6:57 х 107915 
< 53 
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Q.16 


Sol. 


Q.17 


Sol. 


Through what potential difference must an electron pass to have a wavelength of 500 A. 


h h 
Mm /2m.e.V 
уа. 6.6310} 
У= (2) 2ле (5x10) x2%9.01x10" 16х10" 


= 6.03 x 10у 


Calculate magnitude of orbital angular momentum of an ег that occupies 15, 25 , 2p, 3d , 3p. 


[Ans. 0; 0 42 - ve EES 
Orbital angular momentum 
z x (+1) 

for 15, 25,/ =0 О.А.М.=0 
for 2р, [= 1 О.А.М. = = 5 

э on Ve 
for 3d, /=2 O.A.M. = EE /6 

2x V 

for3p, /=1, O.A.M. = E /5 

a Ig 
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ALKANE 


INTRODUCTION 

Alkanes 

(i) The alkanes or the paraffins are the saturated hydrocarbons. Many occur naturally, and the chief source 
of the alkanes is mineral oil or petroleum, which occurs in many parts of the world. 

(ii) These are also called as *Paraffins' (Parum + Affinis i.e. less reactive). 

(iii) ^ General formula is C,H;,,,. 

(iv) Hybridisation state of carbon is sp*. 

(v) Geometry of carbon is tetrahedral. 

(vi) Bondangle is 109° 28', 


PREPARATION OF ALKANE 


From aldehydes and ketones : 
Clemmensen Reduction : 


The Clemmensen reduction 15 most commonly used to convert acylbenzenes to alkylbenzenes, but it also 
works with other ketones and aldehydes that are not sensitive to acid. The carbonyl compound is heated 
with an excess of amalgamated zinc (zinc treated with mercury) and hydrochloric acid. The actual reduction 
occurs by a complex mechanism on the surface of the zinc. 


J А 
Ph-C-CH, —280оннр Ph-CH,-CH, 
HCI : 


Mechanism 


aee OH 


Ph-C-CH, + it — Ph- C- CH, 


Zn —» Zn +2¢ 


ө Ө 
X m i — iE NS 
OH он 
9 | T 
m- T one H'—» Ph-C-CH, 
| 
OH OH 
H H H 


| ; | | 
Ph-C-CH,* H*—» Ph-C-CH, ру? Ph-C-CH, 
| 0 e 


uU 7 @OH, 


H H H 
-C 


| WE: 5 | А 
Ph-C^-cH, ZnZn +26 , Ph — C^ CH, H > ph 


| 
7 -CH, or  Ph-CH,-CH, 

H 

Wolf-Kishner Reduction. 

Compounds that cannot survive treatment with hot acid can be deoxygenated using the Wolf-Kishner 
reduction, The ketone or aldehyde is converted to its hydrazone, which is heated with a strong base such 
as KOH or potassium t-butoxide. 


NNH, 
куну Gr KOH heat ; (oy ~~ +N, 
(dicthylene glycol ) 
Phenyl propanone Phenyl hydrazone n-propylbenzenc (82%) 


Mechanism 


p “NH, tBuO ^K е 
N3H4 5 у" +N, 


cyclohexanone hydrazone CH.—S—CH, Ye 
y (DMSO, a solvent) cyclohexane (80%) 


From alkene: 


By catalytic hydrogenation : Addition of H, on alkene takes place in cis manner in the presence 
of Pt or Ni or Pd to give alkane. 

eg. 

()  CH,-CH, +H, —*>CH, - CH, 
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R 
R D 
D H 
R R А 
м С= c^ +H, ! Ni, А. H or D H 
(ii) T xm D (cis addition) К D 
(cis-alkene) R 
н (тео (Meso compound) 
D R 
“с=с” ‚ 
R7 “р 4 H, Ni , 
(Trans alkene) а | А m 
(cis addition) 
R 
D R R R 
H D H H H D 
D R 
or H р + or D H 
H R H R 


By hydroboration reduction of alkene 


5 (i) B.H, А 

CH, = CH- CH, ———+_> CH,- CH, - CH, 

| ‘qr: аа 
H 


Mechanism 


CH, = CH - CH, + Н - ВН, ——> CH, - СН - CH, 
í S 
' ' 
! ' 
HS- ^ -H 
(Four membered cyclic 
transition state) 


> x ы 
CH, - CH - CH, Dn Om (CH,- CH.-CH.).B 


BH, 
Е М | coon 
CH,- TA * H,BO, 


H 


NOTE : Long- chain alkane may be possible by the coupling of alkyl boranes. 
If (AgNO, + NaOH) is used instead of H,O/H* 


AgNO4 
R,B “NaOH? к-К 


4 


From alkyne - by reduction : 


нн 
PuPd/Ni. | PUPd/Ni. + Н | 
-С=С-Н+Н,————— R-C-c- еллы = 
R-C=C-H+H, di ons 20 -30C я-©-б-н 
н нн 
alkene alkane 


If Ni is used, itis called Sabatier - Senderen’s reaction (catalytic hydrogenation). 


From Alkyl halides : 


By reduction : 


When alkyl halide is reduced with 
Zn-Cu couple + ROH or Na + EtOH/ Na- Hg + H,O or LiAIH,, then we get respective alkane. 


Zn-Cu 
R-X+2H рэ RH + HX 


Wurtz reaction : 


When alkyl halide reacts with Sodium in presence of dry ether then we get higher alkane. Mechanism 
of the reaction is based on ionic and free radical both. 


R-X + 2 Na+ X-R . dy ether ,R-R + 2NaX 
CH,CI + 2 Na + CICH, —-+CH,-CH, + 2 NaCl 


NOTE : * This reaction is not suitable for tertiary alkyl halides 


Mechanism : Two mechanism has been suggested for Wurt reaction. 
lonic mechanism 


C; Hs Br + Мау СН; Nat SACP, сн, CH,- CH;-CH; 


2Na —>2Na+2c $ 


ө Ө 
CH, - CH, fX, — 3 CH, - CH, + Br 


ө o Ө Ф 
CH,CH,+ Ма ———» СН,СН, Na 


"qe NA. 
CH, CH, Na E ET PL, Cu, cH, - cH, - cu, 


Free radical mechanism 


2С, H,- Br+ 2Na .—2NaBr , 2C,H; ——À C,H;-C,H; 


Na— Ма°*+е| 


Y А ә 
CH,-CH „Вг ——» CH,- СН + Br 


CH, - CH, + ČH,- CH, ——> CH,- СН, CH, СН, 
Corey-House Synthesis 
R—X i» RLi —— R,CuLi 


R, CuLi + 2 R'—X —>2 R—R' + LiX + CuX 
Lithium dialky] (should be 1°) 
cuprate 


2 Li—-2 Li +2e} 


ee 


R-X- R+S 

@ 99 . 

Li * X —LiX 

eo 

R + Li КЫ 

2RLi + CuX — R,CuLi + Li X 


R, CuLi + 2R'- X 2 2R - R' + LiX + CuX 


This method is better than Wurtz and can be used for preparing symmetrical as well as unsymmetrical 
alkanes (having an odd number of carbon atoms). 


Frankland's reaction : 


If alkyl halide is treated with Zn dust in closed tube then higher symmetrical alkanes will be formed. 
2RX + Zn — R - К + ZnX, 

This is known as Frankland's reaction, in this reaction first Frankland's reagent (R-Zn-R, dialkyl Zinc) 

is formed. Which then react with alkyl halide to give higher alkanes. [Where R=CH,] 


For Example:- 

CH, - Br + 2Zn + Br - CH; ——» CH, - Zn - CH, +ZnBr, 

CH,- Zn- CH, + 2CH,-Br —— 2 СН, -СН; + ZnBr, 
ethane 

2 Zn > 2Zn^*4e^ 


x Ө 
CH,-Br ———> СН,+ Br 


Ө 
Zn” +2CH,——— (CH,), Zn 


CH,- Zn - CH, * 2CH,- Br ——› 2CH,-CH, +ZnBr, 


Grignard reagents. 


Alkyl halides in ether react with magnesium to form alkyl magnesium halides or Grignard reagents which, 


on treatment with water or dilute acid, are decomposed to alkanes. 


А I 
()  RI+Mg—“>»RMgi — > RH+Me~ 
NOH 


Mg—> Mg + 2e_ 
к-г. жг 


R + Mg" + 17 —>R Mgl 


(Grignard Reagent) 
Oo, H-OH à; 
RMgl ————»R-H-* o: 
(Hydrocarbon) `OH 


Gi) ^ CH,MgBr ———- 5 CH, 
(i) ^ CH,MgBr — 2"; CH, 


(iv) | CH,MgBr — X?! , cH, 


Preparation by Wurtz reaction, Kolbe electrolysis Ulmann reaction, Fitting reaction, Wurtz-Fitting reaction 


already discussed in free radical reaction. 


From Red P - HI : 


Itisa powerful reducing agent which will convert, aldehyde, ketone, alcohol, carboxylic acid to alkanes 


with same number of carbon. 


G ^ R-CH,-0H — +", g. cH, 
О 


| А 
ü) | R-C-H "+". R-CH, 


| 
Gi) | R-C-R <2" ,R-CH,-R 


(i) R-COOH —E2?*"! , R_CH, 
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PHYSICAL PROPERTIES 


n2 


The first four alkanes (from methane to butane) are colourless and odourless gases. The next thirteen 
(from pentane to heptadecane) are colourless and odourless liquids. And, the rest of higher alkanes 
(having 18 carbon atoms or more) are colourless solids at ordinary temperature. 


Alkanes being non-polar molecules, are soluble in non-polar solvents like benzene, ether, and chloroform. 
However, they are insoluble in polar solvents like water. Their solubility decreases with increase in their 
molecular weight. 

Melting and boiling points are increases with molecular mass and decreases with No. branches. As 
far as melting point is concerned the alkane having even carbons has more M.P. than odd carbons, 
since the intermolecular forces in a crystal depend not only upon the size of the molecules but also 
upon how well they fit into a crystal lattice. 


For e.g. 
с C C C С. C 
M NE ^ NA UP 
C C C C с 
п- pentane n- hexane 
(both methyl group are directed on (both methyl group are adversely 
same side) directed) 


Melting point of alkane having odd number of ‘с’ < alkane with even number of carbom atom. 
Boiling point decreases with the increment of branches. 
(n-Pentane is liquid but neo-Pentane is gas due to increase in branching, surface area decrease 
therefore intermolecular forces & Vander Waals forces of attraction decreases). 
Physical state: 
Alkanes 

C,- C, — —, Gaseous state 

C; - Ci — —, Liquid state 

{except neo pentane) 
Cig & above —_, Solid like wax 


Alkanes are lighter than water, so it floats over water. 


CHEMICAL PROPERTIES 


Halogenation 
Alkanes react with bromine or chlorine in the presence of sunlight or UV light or in dark at high temperatures 
(250°C- 400°C) a a mixture of dd dix" ^ example, 


—- 
CH, Б CH,Cl —,,* CH,Cl —,,* СНСІ, 7” CCl, 


The di of аон product can be increased im using substrate (alkane) in excess. 
The reactivity of halogens follows the order: F, > Cl, > Br, > L. 


Direct fluorination is explosive and can be achieved by the action of inorganic fluorides on bromo or iodo 
derivatives. 


2C,H;Br + HgF, — 2C,H; F + HgBr, 
Bromination is slower than chlorination and is carried out at higher temperatures. 
lodination is reversible and can be carried out sufficiently in the presence of strong oxidising agents like 
iodic acid (HIO,) or nitric acid that destroys hydroiodic acid (HI) and shifts the equilibrium towards the 
right. 
CH,+1, — CH,1I+HI 
5 HI + HIO, — 31, + 3H,O 


Alkyl iodides can be prepared conveniently by Finkelstein reaction which involves treating chloro or 
bromoderivative with Nal in acetone or methanol solution. 


R CI + Na] —9'*, RI + NaCI} 


Alkyl chlorides or bromides cannot be prepared by this method of halide exchange because NaCl and 
NaBrare insoluble in acetone. 


hv 
R-H-*Cl, ——~R-CI+HCl 
(excess) 


hv 
R-H+Cl, — ——?R-CI*HCI 
(excess) (mixture of 
alkyl halide) 


Mechanism of Halogenation : 


(i) 


(ii) 


(üi) 


The mechanism involves the following steps: 
Chain-initiation step 
> ° 

х, BPE ax 
Chain-propagation step 
X'* R-H > H—X + К° 
R'+X, эк—Х+Х' 
Chain-termination step 

X'+X" 2X, 

R'-X  2R—X 

R'-R' —R—R 
Radical inhibitors stop chain propagation by reacting with free radical intermediates. 


we 4D RYO 


Peroxy radical " 


Nitration. 

Under certain conditions, alkanes react with nitric acid, a hydrogen atom being replaced by a nitro-group, 
NO,. This process is known as nitration. Nitration of the alkanes may be carried out in the vapour phase 
between 150°C and 475 °С, w hereupon a complex mixture of mononitroalkanes is obtained. 


Imp. 


NO, 


- 


| 
HNO 
CH,CH,CH, — "> CH,CH,CH,NO, + CH,CHCH, + C,H,NO, + CH,NO, 
Mechanism 
HOUN—+0—> HO+ NO, 
| 
О 
ise Eu. quo WE : 
CH, - CH. CH; ——> CH,-CH,- CH, + HO 
Si 
CH, - CH, - CH, Ss CH, - CH,- CH, 
| 
NO, 
сн, -Єн-сн, ÑO cH,- CH-CH, 
NO, 
Similarly we deduce other products through some process. 


Sulphonation. 
Sulphonation is the process of replacing a hydrogen atom by a sulphonic acid group, SO,H. Sulphonation 
ofa normal alkane from hexane onwards may be carried out by treating the alkane with oleum (fuming 
sulphuric acid). It has been shown that in concentrated sulphuric acid, hydrocarbons containing a tertiary 
hydrogen atom undergo hydrogen exchange (Ingold et. al. 1936). The mechanism is believed to occur 
viaa carbonium ion: 

R,CH + 2H,SO, —9 R,CSO,H + H,O 
This reaction is of particular interest since optically active hydrocarbons have been racemised in sulphuric 
acid; e.g., Burwell et. al. (1948) have shown that optically active 3-methylheptane is racemised in sulphuric 
acid. 

a 1, CH, 
CH,-C-H —“+5 CH, -6-so, +H,O 


| 
CH, CH, 


$ 
"| 
CH, no^ s- on cu 
cu, - cii ——9 3, CH, -C-SOH + H,O 
| -H,O 
CH, CH, 


Rate ofsulphonation 3° > 2° > 1°. 


Chlorosulphonation/ Reaction with SO, & СІ,: 
The reaction is also called as Reed's reaction. When propane reacts with SO, and Cl, in presence of 
ultraviolet light then propyl sulphonyl chlorides are formed. 


CH,-CH,-CH, + 50, + СІ, — V. 9t , CH,-CH,-CH,SO,CI + HCI 
This process is used in the commercial formation of detergents. 


* ane 
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Mechanism 


$ =c 
-CI-CI ——3 А 
N CN СІ 


Ие. ТС! 
CH,- CH, CH, + Socy—qucr? CH.-CH.- CH. + НСІ 
| 
£u SO.CI 


| i 
CH; - (СН - СН;-Снг-ў 0 + NaOH S CH, - (СН) – Сніў 07 Na* 
[e] 


(detergent i.c. sodium salt of ѕ@рћопіс acid) 


ae, 


Фон 
си. сиу Sae — — CH-(CH), - $ (ci 
ll i 


| cr 


if 
CH, -(CH,),, - х - OH 
| 


a 10,51 


| 
CH, —(CH,),.—$ - O Na’ 


| 
о 


S Isomerization : Lower alkanes are not isomerised but butane or higher number of alkanes if heated with 
aluminium chloride at high temperature then they convert into stable isomers by the rearrangement reaction. 
Isomerisation is also held by heating alkane with- (AIX, + HX; X = Cl, Br, I or Ab(SO,), + H5SO,) at 
200°C. 

H 

[w. ug id. 
CH3-CH-CH;-CHs “gona” СНз - ен -CH, 

CH; 
n - butane iso butane 
If we take n- heptane then it converts into most stable form Triptane (trivial name). 
CH3 
H3 CH3 

n- heptane 2, 2, 3- trimethyl butane 


If we take n - octane, iso-octane is formed. 
CH; 


CH,(CH,), СН; ——, CH3-C-CH2-CH-CH; 


н Сн; 
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Reaction is used in Petroleum industries, with the help of this reaction, we can convert unbranched 
alkane to branched alkane (i.e. lower octane number alkane to higher octane number alkane) or bad fuel 
to good fuel. 


Combustion : 

Combustion is a rapid oxidation that takes place at high temperatures, converting alkanes to carbon 
dioxide and water. Little control over the reaction is possible, except for moderating the temperature and 
controlling the fuel / air ratio to achieve efficient burning. 


САҢ + excess О, —— 9 ПСО, + (n*1) H,O 


Example: —— CH,CH,CH, +50, —““» 3 CO, +4Н,0 


УНО 


у 
C,H, + (+20, хСО, + 5 


Aromatization : 


н; 
CrOx-Al^04 бы СО; - Al404 
() п-Неюше 7—7 (О) (i) ^ n-Heptan — ^^ M> 


For converting aliphatic to aromatic. 


CH, CH, 
H, 
(ii) п-Осапе —— + 
o—Xylene Ethyl benzene 


MCQ 


The Kolbe synthesis of alkane using a sodium salt of butanoic acid gives - 
(A) n-hexane (B) isobutane (C) n-butane (D) propane 


Electrolysis ofan aqueous solution of sodium butanoate gives main product — 
(A) octane (B) heptane (C) hexane (D) butane 


In Wurtz reaction if we take CH,Cl & C,H,Cl_ then product will be - 
(A) Propane + Ethane (B) Propane 
(C) Propane + Ethane + Butane + Ethene + CH, (D) Propane + Butane 


Butane cannot be obtained by : 

(A) Action of soda lime on sodium butanoate 

(B) Clemmensen reduction (Zn amalgam in conc. НСІ) of butanone 
(C) Action of water on butyl magnesium iodide 

(D) Sabatier Senderens hydrogenation of butene. 
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The reaction conditions leading to the best yields of C,H Cl are — 


(A) C,H, (Excess) + СІ, — пча, (B) C,H, + СІ, —_ dark room temp. , 
(C) C.H, + Cl, (Excess) NEL EN (D) C,H, +Cl, ву light 


С.Н, + SO, + CL. UM, product. In this reaction product will be - 
(A) С.Н, (B) CH,CH;CI (C)CH,CH,SO,CI (D)C;H, 


Which of the following should be subjected to Wurtz reaction to obtain the best yield of n-hexane? 
(A) Ethyl chloride and n-butyl chloride (B) Methyl bromide and n-propyl bromide 
(C) n-Propyl bromide (D) Ethyl bromide and n-butyl bromide 


2-Methylbutane on reacting with bromide in the presence of sunlight gives mainly - 
(A) 1-Bromo-3-methylbutane (B) 2-Bromo-3-methylbutane 
(C) 2-Bromo-2-methylbutane (D) I -Bromo-2-methylbutane 


Which of the following alkyl bromides may be used for the synthesis of 2, 3-dimethylbutane by Wurtz 
reaction ? 
(A) n-Propyl bromide (B) Isopropyl bromide(C) Isobutyl bromide (D) s-Butyl bromide 


ANSWER KEY 
QI А Q2 С Q3 С 94 А 
Q5 А Q6 С Q7 С Q8 C 
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REACTION CHART FOR ALKANES 


GMP 


H,.Ni 
R-C=CH 
200-300°C 
or 
R-CH=CH, Sabatier senderens 
reaction 
Zn-Cu+ HC 
R-X Red P- HI, LiAIH, 
Na, dry ether 
RX Wurtz rcaction 
— ae 
RX Frankland's reaction 
R5CuLi 
RX (Corey - House reaction). 
+HOHor ROH 
R-Mg-X or NH, orRNH; 
R-OH, R-CHO RedP/HI 
R-C-R,.RCOCI, RCOOH 
|| 
о 
R-C-R Zn-Hg/ Conc НСІ 
ll Clemenson'sreduction 
___H,N-NH, : 
R- T -R Wolf / Kushner reduction 
or 
(RCH,CH,),B .:H 0, 
RCOONa NaOH + CaO 
RCOONa Kolbe's electrolytic synthesis 


(8) 


(9) 


Xa hvor UV light or 400°C кх 


, га 
Nitration R-N © 


Sul ion H,S,0, ic aci 
, Sulphonation Н;5;0; | Alkyl Sulphonic acid 


SO, * CI, шы, RSO.CI 
з 


AICH / HCI 
———— 
Isomerisation 


branched alkanes 


Pyrolysis 


—5 
soas. Alkenes + CH, or CH, 


_Cror Moor Voxide_, А 
+A1,0, 500°C Aromatic compound 


CH.N, А 
————-» Higher alkane 


step up reaction 


о, 
FE CO, + H,O 


Combustion 
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ALKENE 


ALKENE 


(a) General formula : C H, . 

(b) Functional group : in alkenes is >C=C< 

(c) The double bond is made up of one sigma and one pi bond. 

(d) The doubly bonded carbon atoms are sp* hybridized. 

(с) Geometry of unsaturated *C' carbon is trigonal planar. 

(f) C=C bond length is 1.34 А. 

(g С-Н bond length is 1.10 A. 

(h C=C bond energy is 143.1 К cal mol '. 

(i) С-Н bond energy is 98.69 К cal mol”. 

0) Alkene shows chain, position, ring chain, optical & geometrical isomerism. 


METHODS OF PREPARATION OF ALKENES 


Elimination reactions 
Elimination reactions consist in removing the two groups (generally one being a proton and other is 
leaving group from one or two carbon atoms of a substrate to form an unsaturated linkage. 
Elimination reactions are classified under two general categories. 


Types of Elimination reactions 
1. a-elimination( 1, 1) 


2. B-elimination (1, 2) 


1. a-climination : When the two atoms or groups are eliminated from the same carbon, the process is 
called a—elimination. 
2. B-elimination : When the two groups or atoms are removed from the two adjacent carbon atoms, the 


process is known as f--elimination. 


Some important terms 
(1) Substrate : That molecule or ion which undergoes change is called substrate. Substrate may be alkyl 
halide, alcohol etc. 


(2) Base : It is negative ion or neutral molecule which abstract the proton from the substrate. 


(3) Leaving Group: It is an ion or molecule which leaves the substrate with a pair of electron. The tendency 
of leaving group is inversely proportional to basic strength. Leaving group ability of different halide ions 
follows the sequence 

19 > Br? > CI?» F° 


B-Elimination can occur by three different mechanism 
(1) Е-1 mechanism 
(2) E-2 mechanism 
(3) El cB mechanism 
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E-1 MECHANISM 


{a) 
(b) 


(с) 
(d) 


(e) 


(0 


(g) 


(h) 
() 


It is called unimolecular elimination reaction. 
It takes place in two steps. 
I* Step: Departure of leaving group from a molecule to form carbocation. 


ү: | Же ù 
-C-C-X-—.-C-C. +X 
y У | v 


II" Step: Carbocation formed above loses a proton to the base and forms the alkene. 


Ist step of E-1 mechanism is the rate determining step (R.D.S.) 
Since in R.D.S. only substrate undergoes covalency change. 
i.e. it follows first order kinetics with respect to substrate 
Rate = K [substrate] 

Since in R.D.S, carbocation is formed as an intermediate so the reactivity order of different substrate 
follows the stability of order of carbocation formed. 
Allylic > Tertiary > Secondary > Primary 
Loss of leaving group is the part of R.D.S. therefore the order of reactivity of alkyl halide in elimination 
reaction is 

R-I > R-Br>R-Cl> R-F 
Above order is parallel to order of leaving group ability 

Il?» Br? > CI? > F9? 
E-1 mechanism does not show isotopic effect as the loss of hydrogen is not the part of R.D.S. 


Kg _, 


K 
D 
Since the ionization take place in step I. Therefore polar solvent favors the E-1 mechanism. 
E-1 mechanism involves carbocation as an intermediate so rearrangement of carbocation can take place 
if possible. More stable carbocation forms the major product in the reaction. 


E-2 MECHANISM 


(a) 
(b) 
(c) 


(d) 
(e) 


Itisknownas bimolecular elimination mechanism. 
It take place in single step. 
It involves the formation of transition state 


H * B... H 
-C-C- —— -С=С- —+-СеС- 
L L 


Transition State 
Formation of transition state is the rate determining step. 
Rate of reaction depends on the concentration of substrate as well as of base i.e. it follows the second- 
order kinetics. 
Rate = [Substrate] [Base] 


(f) E-2 mechanism shows the isotopic effect as the loss of hydrogen is a part of R.D.S. 


Ж AG 
ONES 
(g) E-2 mechanism shows the halogen effect as loss of leaving group is a part of R.D.S. 
Reactivity of different alkyl halides follows the sequence 
R-I>R-Br>R-Cl>R-F 
Reactivity order of different substrate follows 


3°>2°> 1° 
(h) The rate of reaction increases with increasing strength and concentration of the base. 
(i) Non-polar solvent favors the E-2 mechanism. 


o Since E-2 mechanism involves the transition state rearrangement is not possible. 
E1 cB MECHANISM 


(a) In this mechanism, the reaction take place in two steps. 
(i) The first step involves rapid removal of a proton from the a-carbon (carbon adjacent to the 
carbon bearing halogen atom) forming a carbanion. 
(ii) The carbanion formed then loses the halides ion in the second rate determining step. 


B....H х 
| ber ` 2: EP ме 
R-CH-CH, ———— ER Tute Н 
Е Е 

e^ 
PCM —22)R-CH = CH,«F 
СЕ 


(b) The overall rate of the reaction is limited to slower second step & hence the rate of reaction depends 
only on the concentration of carbanion. 

(c) Since carbanion is the conjugate base of the alkyl halide and rate of reaction depends on concentration 
of carbanion hence the mechanism is designated as EI cB mechanism. 


Mechanism of o-Elimination 


a-elimination does not occur frequently and completes in two stages, the second of which is rate 


determining, 


for eq. 


CHCI, * OH- === *cci, + H,O 
ecc ———:CCL*Cb — 
dichlorocarbene 
Another example of a-elimination reaction is formation of diphenylacetylene from 2, 2-diphenyl vinyl 
bromide and sodamide. 


CH... Н NIL, 
cu ^ C Og. Cs CaCO, 
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Mechanism 
hie, lel +NH, бым, 
cu “в NH, ^ cu^ RN 
-Br 


From Alkynes 


Lindlar’s Catalysts 
R-C=C-H+H, Pd — BaSO, cas das i 
H H 
poison of catalyst such as BaSO,, CaCO, are used to stop the reaction after the formation of alkene, 
otherwise alkanes are formed. 


(i) The reaction takes place at the surface of Pd, that is why it is cis addition and the product 
is cis form eg. 


H,/Pd R. р 
+BaSO, u^ `H 
(ii) ^ Alkyne can be reduced to trans alkene by using Na + NH,, or Li AIH, 


R-CsC-R' 


R 
R-CeC-R —, `c- 
acu H^ 26 Еа 


From mono halides 
When mono halide react with alcoholic KOH or NaOH then respective alkenes are formed 


нн А 
i) R- $- C-H+ Alc.KOH -me R- T^ C-H 


E H 


Alkene 


eo 
KOH + CH.OH. — —» C.H,OK+ Н.О 


wares H + CHO — R- C=C-H+CHOH 
H X H H 


G  CH,-CH,-CH-CH, , CIN el 


C=C 
NaOH alc. “ Ne 
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NOTE: 


CH,-CH,CHX-CH,—— CH,-CH,-CH=CH, —> CH,—-CH=CH-CH, 

Minor Major 
CH,—CH = CH —CH, (Trans) is the major product because it is more stable as having 
six ‘a "Hydrogen in the comparison to CH, -CH,- CH=CH, having only two * а ' hydrogen. 
This is in accordance with the saytzeff rule. 


Mechanism : E, and E, are possible. 


E, Mechanism : 


ci с! 
x е с «aio = Cro >e= 0K 
H. 

TS. “OH 


As molecularity of slowest step is two i.e. E, mechanism. 


E, Mechanism :- 


CH, -H CH;-H Бн: 
-cr Fast 
CH,-C-Cl и, CH4-C* CH, —C 
2 A Slow = -H* | 
CH, CH; CH; 


As molecularity of slowest step is one. That is why it is termed as Е. 
Remember : Possibility of E, increases with increasing stability of carbo cation . Similarly possibility 
of E, increases with decreasing stability of expected carbocation. 


From Dihalides 
From gem dihalides : When gem dihalide is heated with Na in ether then higher alkenes are formed. 


R-CH.X, * 2 Zn — 55. R-CH=CH-R 
= nx, 
CH, - CHCI, + 22n - ўер» CH,-CH=CH-CH, 


2 — butene 


Conclusion — If we take two different types of gemdihalides then we obtain three different types 
of alkenes. 


Note : The above reaction is used in the formation of symmetrical alkenes only, because if we take two 
different types of halides then mixture of alkenes is obtained so the yield of an individual alkene is 
reduced and it is improper to separate each alkene from the mixture because the difference of boiling 
points in alkenes is very less. 


From vicinal dihalides : 


When vicinal dihalides are heated with Zn dust, alkene of same no. of carbon is obtained. 
HH H H 
А | A | 

R-C- E -H«Zndust —7 5. R-C- C-H4ZnX; 

X 


ж 
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Note : Alkene is not formed from 1,3 dihalides. Cyclo alkanes are formed by dehalogenation of it. 


For eg. 

CH, 
сн оњ -сн, . £ndust , а ee 
x 


CH, - CH, - CH, .ZnZn +e te, CH, ET oi CH, 
| | 


X X 
A 


From Alcohols 


When alcohol is heated with conc. H,SO, at about 160° C, alkenes are formed after dehydration. 


(Alkyl hydrogen sulphate) Alkene 


CH, CH, CH, CH, OH + H, SO, —5-— CH,-CH,-CH-CH, + CH,-CH-CH-CH, 


I-butene 2-butene 
(major product) 


" OH H 
CH,- CH- Cu bu, * H,SO, samt CH,-CH =CH-CH, + H,SO, + H,O 
2-butene 
(chief product) 
e 
CH,-C-CH, + Н,50, —4.» CH,-C-CH, + H,SO, + H,O 
160°C ч z 
H; н, 
Iso butylene 
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Mechanism :- 


Ф 
^ н 
CH,-CH,-CH-CH, <—4— CH,-CH,-CH-CH, 
2 
H H 
| @® | 
CH,- CH - CH - CH, —— > CH,- CH, - СН = CH, 
af (minor) 


CH,- CH = CH- CH, 
(major) 


Note : Since the mechanism proceeds via- C* ion therefore rearrangement is also possible eg.: 


CH3 OH CH; CH; 
ie H2504 Conc. | | 
снуе —CH-CHs — у» СНа-СнС-СНу + CH, — Ў — CH=CH, 
CH, CH; CH 
3 
(Major) (Minor) 
Negligible 


Mechanism : 


os CH; CH, CH, CH, CH; 


+ + -H* | | 
CH, — —&н—он,—Н»сн,&—н-сн,э CH; Е. знан = cH, 6 C— cH, 


| 
CH, CH, H 


Characteristics of dehydration of alcohol 


(1) 


(6) 


Since the carbocation is formed as an intermediate in the R.D.S. of dehydration of alcohol The relative 
reactivity of alcohols decreases in the order. 


Tertiary > Secondary > Primary 
Since the R.D.S. is reversible it is necessary to remove the H,O molecule produced in the reaction. 
Therefore in experimental condition conc. H,SO, is added in a regular interval. 
For dehydration, different dehydrating agent like Al,O,, ThO, can also be employed. 
Rearrangement of carbocation can take place. 
—OH is not a good leaving group, in alcohols so turn it into a good leaving group, it is converted into — 
H,O by protonation 


H,O is a good leaving group. 


Rearrangement in Alcohol Dehydration 


(1) 


(2) 
(3) 


Some alcohols undergo dehydration to form alkene having carbon skeleton different from those of the 
starting alcohol. 

This is due to rearrangement of carbocation formed in the reaction to more stable carbocation. 
Anexample of alcohol dehydration that is accompanied by rearrangement is. 


CH, 


| з 34 
CH,-C— CH-CH, —E2 CH, -C-CH - CH, + SOUS аан 1 


CH, OH 
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yu ILC 
H.C CH > 
C- CH, 
Кей “cH, НС” | | 
з (54%) CH, 
(3%) (33%) 


(4) . Percent yield of alkenes formed from rearranged carbocation is greater than the percent yield of 
alkene obtained from unrearranged carbocation. 


(5) Rearrangement of carbocations can also lead to a change in ring size, as the following example shows 


OH 


ey 
PS ,CH-CH, 


Regioselectivity in alcohol dehydration : 


Hohe, „heat 
{- t,o) 


pu -CH, (Om -CH, GC, an [7 oe 


1. In alcohols such as 2-methyl-2-butanol, dehydration can occur in two different directions to give alkenes 


that are constitutional isomers. 


2. More substituted alkene forms the major product and is called Saytzeffalkene or Zaitsev alkene. 
3 Less substituted forms the minor product and is called Hofmann's alkene. 


OH 
HSO 


CH, -©-сн, -CH, ——À—» CH= E 


CH, 


Kolbe's Synthesis 


(Minor) 


.CH.CH, HC. 


"cH, * ic^ PES 


(Major) 


When aqueous solution of K or Na succinate 15 electrolysed, ethylene is released at anode. 


А о 
ти: E . 
CH,-C-O K сн,-С-О 
| : — _ +2K- 
CH;-C-O K —nÀ 

ll О 
At Anode 


-2 
CH,COO CH COO" 
— 
CH,COO| ~~” сн,соо" 
unstable 
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At Cathode 
2K* + 2e ——=> Жж 
2K + 2H,O —э 2KOH +H, 


Note — If we use methyl succinic acid as reactant then propylene is formed, 


From Esters 


When esters are heated in presence of liq. М, and glass wool, then alkyl part of ester converts 
into respective alkene while alkanoate part of ester is converted into respective acid. 


CH,—CO—O H 
| Glass wool 450° 
CH, — CH; liq № 
The reaction is called as ‘Pyrolysis of Ester’. 


CH,-COOH + CH,=CH, 


Mechanism : Pyrolysis of Ester is a type of E, elimination which proceed via cyclic 7.5. that is 
why the product becomes ‘cis’ 


О 
2 
CH,- c) Сн 
oe l, __, CH,=CH-CH,-CH,+ CH,-CH,-C-0-H 
1 |1 


Cyclic transition state О 


* It is interesting to note that, in this case major product is 1- alkene in the comparision to 2-alkene. 
о 
н od — CH, 
CH, 0н b cu —— CH,—CH,—CH=CH, + CH,-CH=CH-CH, 


(Major) (minor) 
Major product is obtained by reamoval of -H from less hindered carbon. 


From quaternary ammonium hydroxide 
When quaternary ammonium hydroxide ts heated strongly it decomposes to give alkene. eg. 


н Мсну; 
a fl, 1 OH —— CH, = CH, + CH, - N- CH,* H,O 


CH;-CH; 
Hs 
CH, E 
ol . | E М 
H HC -N-CH, > CH, = CH, + HO + (CH. М 
CH à cH, 
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CH, "Ну CH qe 


(ii) B" B 


CH,- CH = CH- CH, CH,- CH, - CH - CH, 
(minor) (major) 


This elimination is called Hoffman's elimination. It is markable that in this reaction more acidic 
H is preferably eliminated. 


The wittig reaction 
In this reaction methylene triphenyl phosphorane is reacted with carbonyl compound to give alkene. 


eg. : 
() ^ (Ph)P-CH, + CH-R — (Ph), P-O + В -CH 
11 
О lu, 
Ө 
1 
RÊCH 


@ | 
(ph), UA > (ph), " CH. 


* T 


R 


—— (ph,P-O-*CH.-CH-R 


о 
(ii) (Ph), P-CH-R + lu- R' — (Ph), P=O + R'-CH-CH-R 


The Cope Elimination : 
Tertiary amine oxide undergoes the elimination ofa dialkylhydroxyamine when they are heated. This 
reaction is called the Cope elimination. 


CH, CH, 
| | 
Reaction: CH, - CH, - CH, -N -CH, —> CH, -CH=CH, + N-CH, 
O, OH 
Mechanism: 
CH, 
ach a | 
„н CH, ——› СН, -СН = СН, +N-CH 
M 3 27 3 
CH,-CH } 70: 
“ңе s8 OH 
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PHYSICAL PROPERTIES 


(i) From C.-C, they are colourless, odourless gases, from C—C, they are colourless liquids, С, onwards 
alkenes are solids. 


(ii) Alkenes are practically insoluble in water because they cannot form hydrogen bonds with H,O molecule. 
They dissolve freely in organic solvents like benzene, chloroform, ССІ, petroleum ether, etc. ( Like 
dissolves like ) 


(ui) B.P and M.P. decreases with increasing branches in alkene. 


(i) The melting points of cis isomers are lower than trans isomers because cis isomer is less symmetrical 
than trans. Thus trans packs more tightly in the crystal lattice and hence has a higher melting point. 


(v) The boiling points of cis isomers are higher than trans isomers because cis-alkenes has greater 
polarity (Dipole moment) than trans one. 


(vi) These are lighter than water, 


(vii) The increase in branching in carbon chain decreases the boiling point among isomeric alkenes. 


CHEMICAL REACTIONS 


The main reactions of alkene are electrophilic addition reaction 
Reaction with Hydrogen — 


M ү 

R-C=C-R+H, —— R-C-C-R 
EN 
H H 


eg :- 
CH~ CH, Ni, A ‘is 
C=C +H; ———> DAH 
p^ “р ^ (cis addition) p H 
(cis-alkene) " 
(meso) 


Saved /storage/emulated/0/Pictures/TouchShot/ 


2017080872250915.ipq 


ane 


25 


R D 
R H 
D H 
В. ——À— H = R D 
№, A D R 
D (cis-addition) D 
(cis-alkene) H H 
(Meso-compound) 
CH, ~ =a a __Ni, 4 | A CH, 


C=C Н, 
D^ "cu. * (cis cis addition) Ha ps 


(trans-alkene) 


(+) 
enantiomeric pair 
D 
R H 
TE D н, 
р — R D 
Ni, A D 
R (cis- addition) R 


(Trans-alkene} 


(Optically active) 
Note : Hydrogenation (catalytic hydrogenation) of alkene is a cis addition and is an exothermic 
reaction. Thus the heat evolved decreases with increasing stability of alkene. 
Remember, Stability of alkene depends upon hyperconjugation and type of geometrical isomerism 


Reduction of alkene via hydroboration 
(i) Alkene can be converted in to alkane by hydroboration followed by protolysis 


oim BH; 
R—CH-—CH, *-8*5 , & cg ---ён, ——› R—CH,—by, НЊО, R_cH—CH, 


4 memb. Cyclic T.S. 
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This reaction is also represented as 


RCH=CH, —9*-, (R-CH,-CH,),B — 120, 3R-CH,-CH, + H,BO, 


(ii) ^ Alkene can be converted into alkane by hydroboration followed by treatment with AgNO, + NaOH. 
This method gives coupling. 
H3 єн; єн; 
ШАП 
СН,-СН,-СН,-С=СН, олко Seen a синен 
H H 
Halogenation — 


In presence of polar medium alkene form vicinal dihalide with halogen. 
j H H H 
| | | 
R-C=C-H+X-X — EL R-C-C-H 


dX. 
X X 


Vicinal dihalide 
Order of reactivity of halogens is : Е, > Cl, > Br, > I, 


Mechanism : It is an electrophilic addition by molecular attack in which the addition takes place 
in trans manner. 


6-Br 
- Br Br 
wp? ЖЕ EL qm ume “с 
CH, CH, 
CH, ^ CH, Br, H Br Br H 
„С=С, “Сб” вн H Br 
H “ч 
CH, CH, 
CH, H 
\ 7% CH, 
| Br H Br 
са, H Br 
ОХ. Сн 
н CH, 3 
trans meso 


Note : For suitable condition 

(i) Cis addition on cis form results meso 

(ii) Cis addition on trans form results (+) 

(iii) Trans addition on cis form results (+) 

(iv) Trans addition on trans form results meso. 
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Reaction with HX (Hydrohalogenation) — 


alkene alkyl halide 


Markovnikoff's Rule 
When an unsaturated unsymmetrical hydrocarbon reacts with HX then halogen goes on that unsaturated 
carbon which has minimum number of hydrogen atom. Mechanism of the reaction is based on —C '— . 
M 
CH,-CH-CH, НХ, сн;-Сн-Сн, 


Mechanism : 


н X 
CH,-CH-CH, —— сну-©н-бн, =, сну-бн-бн, (Minor) 
less stable 
CH,-CH-CH, — > сну©н-сн > сн, du cu, 
more stable major 

(i) Formation of Carbocation is Rate determining step. 
{ii) Rearrangement of carbocation to more stable carbocation can occur to form a more stable product. 
(ш) Regiochemistry - MarkownikofT's Addition of HX. 

Addition of HX on unsymmetrical alkenes (R-CH=CH,) takes place according to Markownikoff’s rule 

which states that, "the negative part of addendum is added on the carbon atom carrying lesser number of 

hydrogen atoms". 
(ivy) X Reactivity order of different hydrogen halide towards addition 

HI > НВг> НСІ> HF 


Anti Markownikoff's Principle / Kharasch Effect / Peroxide Effect — 
To understand antimarkownikoff’s principle let us consider the following reactions 


H H 

m" 
CH,-CH-CH, + HBr — ok M 

rH 


( Markownikoff's rule) 


1 н нн 
CH} -CH=CH, + HBr . Peroxide , i a di & cu, -¢-¢-H 
| МЕ 
Br H H Br 
(minor) (major) 


(Anti markownikoff's rule ) 
It is based on free radical mechanism. 


(a) Mechanism Concept — 
(i) R-O-O-R —— КО’ + OR 
Peroxide 


(ii) RO' + H- Br —— ROH + "Br 


r 


H H 


H 
| | 
(iii) ‘Br+CH,-CzC-H ——> cH, -¢-¢-H + CH, б-н 
лан". A 


нн 
| 


г 


minor 20% major 80% 
HH нн 
(iv) CH, --C-H« H ве. с-нт "Br 
i H Br 
(v) "Вг + "Br ——> Br, 


Note : It is interesting to note that anti markovnikov addition in the presence of peroxide is not applicable for 
НСІ and HI 
(i) In the case of H — Cl, the step 
CI CI H 
Ён, -ён, Hel, by du, + cr 
is endothermic (as A Н" = + 12.6 KJ mol?) 
(ii) In the case of H — I, the step 
1 
сн,=сн,+1 —> CH,-¢H, is 
endothermic (as AH = + 46 KJ mol!) 


But in the case of HBr both of the steps are exothermic, which results spontaneous reaction. 
= CCL, CBrCl, etc. can also be added to alkene in anti markovnikov manner. 


Reaction with Hypohalous Acid — 


R-CH=CH, + Ho- Сі — i idi da 


OH CI 
(i) When chlorine water or bromine water is used. 
QAM. а " 
R—CH=CH, = к= 64-2 tn, —5 m R- =a CH, > R—CH—CH, 
i +O—H H 


| 
H 
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(ii) ^ When aq. solution of HOC! is added in the presence of strong acid. 


Ci CI 
+ = | 
"B atu FE CCHR, by à RH, сн, —cH—R = 
H20 | -H,O |. 
H H— Ò+ 
5 
н 
Р 
Zndust Spgs 3 
a Ri снб СЕК 
OH 
halohydrine 


Reaction with H,SO,— 
(a) With сопс. H,SO, 


к - CH = CH, + H,SO, > R-CH- CH, 


O- SO.H 
alkyl hydrogen sulphate 
(b With dil. H,SO, 
H-SO,H 
= R-CH-C 
R-CH=CH, ЊО E H2 
OH H 


Mechanism: 


РЕС M R—CH—CH,——— R—cH—cH, — , g. cu cH, 
| 


5-8 
е O'—H H 
Classical carbocation l 
е The hydration of alkene is not stereoselective, as in the case of НСІ addition. This fact сап be 
explained on the basis of classical carbon cation formation. 
е Since hydration proceeds via carbocation intermediate therefore rearrangement is always probable. 
a 1, сн, CH, CH, 
+ 
| 
CH, H3 H H 
CH, CH, CH, CH, 
| 
сн, Ew ime’ E V4 ket-e 
| Io] 
H—O* H OH H 
| 
н 
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Rearrangement, however, may be avoided by treatment of alkene by oxymercuration-demercuration 


method 
OAc 
OAc sig 
CH,CH=CH, + Hg— «дё — cuéu— CH, —2—- CH,CHCH,—Hg—OAc 
сон 
+ AcO- | 


H*> 
| OAc 
CH;CHCH,—Hg—OAc 
OH + AcOH 


Sodium borohydride (NaBH,) converts the carbon-mercury bond into a carbon-hydrogen bond. Because 
the reaction results in the loss of mercury, it is called demercuration. 


CH,CHCH, —Hg—OAc EE COR. CH,CHCH, + Hg * AcO- 
| | 


OH OH 
Addition of Nitrosyl halide — 
Alkene with nitrosyl bromide or nitrosyl chloride (Tilden reagent) react according to Markovinikoff's 
rule to give alkene nitrosobromide and alkene nitrosochloride respectively. 


(ч 6n 59 
R-CH*CH; + O-N -CI — R-CH-CH; 


| NO 
ê 60 
R-CH£CH, + O= N -Br — "DIS 
r NO 


(ч 8e 20 
CH,-CH*CH; + O- N-CI ——› CH,- CH- CH; 
| |» 
Cl N-O 
propelene nitrosochloride 
Oxidation 
Oxidation is completed by the following ways. 


With Acidic KMnO,/Hot KMnO, 
d: о 
| е T 
tm aH s acidic 
R-C=C-H+[0] жю” R-C-O-H+CO, +H,0 
|" 
н-С=-С-н—01_,2С0, + 28,0 
ethene 
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H H 
u-d-cec-u— ›н-Б-с=о +CO,+H,0 
TE 4 de 
propenes acetic acid 
H H 
CH; E - c -CH, —9.L, 2CH,COOH 
2-butene 
©ну-С=Сн; —ЇЮ! , сн;-с=0 + CO; + H20 
CH; сн, 
isobutylene 


li 
CHs-CH-CH=CH, -H3 CHs-CH-C-OH + CO; + H20 
CH3 CH3 


With alkaline KMnO, / Bayer's reagent 


H H н H 


| | | [| 
R-C-C-H- [о] -H- OH -Акюно,., R-C-C-H 
H ÓH 

glycol 


Mechanism: Hydroxylation by alkaline KMnO, (Bayer’s reagent) is cis addition and the mechanism 
is cyclic. 


[e O R 
R H (meso) 
Similarly 
Hs; SR R R 
X wowor, "a sibel ы ore 
ga i 
(2) 
Hydroxylation by OsO, : 
R H H 
RH «P NC Р Ба s 
E. d Y | A ч. ж | OH 
` O as [e E 
att NE we 
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Ozonolysis :- 
This is the two step reaction 
(i) Ozonide formation 
(ui) decomposition of ozonide (reductive hydrolysis) 
eg- 


о о 
сес 9. ү B. nome, лоз sb V be 


Remember : Ozonolysis gives oxidative cleavage of alkene to form two carbonyl group for each 
Ус = &. Whether it is in acyclic or cyclic or in aromatic compound. eg :- 
о о о о 
s, yl NN. i 
(à  CH,-CH-CH-CH, —9299y55 , H-C—H + H—C—C—H+H—C—H 
(b) NI Qzonolysis , T Д 
+ - 
Trans M M 
Lg 
Epoxidation by O, /Ag 
O 


@ CH=CH, + и0, —49., cH—cH, 
О. 


i) ^ CH,-CH-CH, + % О, —^9.› CH,—cH—— CH, 


Epoxidation by per acid 


о 
| 


©) T 


@ CH,-CH, —— — — 5 ch, tu, 
о О. 
G) | CH,-CH=CH,—*=*=9-9-"_, cH, cá — ch, 
o 
CC e 
R-CH-CH-R —C3€990H ,p ch. cH-R 
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Hydroboration 
Alkene with borane hydride form an important compound called trialkyl borane. 
3R-CH=CH, + BH, —— (R-CH,-CH,),B 

(a) Trialkyl borane is an important compound because it gives respective alkane on acidic hydrolysis. 
(R—CH.CH,),B+3H,O НОЇ, 3R-CH,-CH, + B(OH), 


(b) It gives respective alcohol on alkaline hydrolysis 
(R- CH.CH,)B +3 Н.О, + 3NaOH ———9 3RCH,CH, OH + B(OH), 


(c) It gives 1* amine on alkaline hydrolysis with chloramine 
(К - CH,CH,),B + 3 NH,Cl + 3NaOH. ——» 3R- CH,CH,NH, + 3NaCl + H,BO, 


AgNO, 


(d (R-CH,CH)B [oR 


3R-CH,-CH,-CH,-CH,-R 


(e) In the overall hydroboration-oxidation reaction, three moles of alkene react with one mole of BH, to 
form three moles of alcohol. 


(f) Because carbocation intermediates are not formed in the reaction carbocation rearrangement do not 
occur. 


(g Regiochemistry Anti-markownikoff"s Addition of water. 


(h) Alkyl boranes undergo coupling by means of silver nitrate in the presence of NaOH at 25°C. Higher 
alkanes are the products of this reaction. 


Allylic substitution reaction — 
(a) Except ethene other higher alkene having allyl hydrogen when treated with chlorine or bromine ‘a’ 
H is substituted. 


Allylic carbon 


Allylic hydrogen >H atom 
atoms | 

ы ак 

H 


CH,- CH - CH, + Cl, °C“ SO" ср сң. CH=CH, + HC! 
allyl chloride (3-chloropropene) 


ci-Ci _4., 2CT 


Cl *e CH, - CH=CH, , CH,- CH - CH, 


c -HCI D 
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(b) 


Allylic bromination can be easily done by NBS (N-bromo succinamide) 
CH;-CO CH;-CO 

T CON Br H-CH,-CH-CH, к да: 
сн,-со/ 4 > CHz-CO^ 


NBS propene allyl bromide 


м-н + Br- CH,- CH- CH, 


Isomerisation :- 


Alkenes isomerises when heated at high temperature or at lower temperature in the presence of 
various catalysts as AICI, 
eg :- 
AICI, 

(i) CH,-CH,-CH,-CH =CH, = CH,- CH,- CH- CH - CH, 

CH, CH, 

| AICI, | 
(ii) CH2- CH=CH, <> CH,- C Сн; 

the mechanism proceeds through carbocation 


MCQ 


Q.1 


Q.2 


Q.3 


Q.4 


Q.5 


Na/NH, (l) 
R — CH = CH, -giog RCH;CH, is called 


(A) Clemmensen's reduction (B) Fisher-Spier reduction 
(C) Birch reduction (D) Amdt-Eistert reduction 


What would be the product when 2-pentene reacts with HBr — 
(A) 2-bromo pentane (B) 3-bromo pentane (C) Both A and B (D) 1-bromo pentane 


What would be the product when ethene is oxidised with ozone and forms ozonide which is hydrolysed 
in the presence of Zn and acetic acid? 
(A) Bon (B) CH,OH (C) H-C- OH (D) H-C- C-H 


i ll 
о оо 


What would be the product when propene reacts with chlorine іп presence of CCI, 


H H 

"m 
(A) a ca (B) Cl- CH, - CH = CH, 

CI CI 

H H H H 

bat 1 | 
(C) CH, -C- C- CI (D) a as 

сон 

Propene on reaction with methylene iodide in presence of Zn—Cu couple gives : 
(A) Cyclopropane (B) Cyclopropane 
(C) Methyl Cyclopropane (D) Cyclobutene 
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0.9 


0.10 


Q.11 


Q.12 


Q.13 


Q.14 


Q.15 


Q.16 
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Propene + HOCI — A — Final product. In the above reaction A will be 


H H H 
(A) cH, -6-C-H (B) CH; - ES - н 
бн о 
нн Lok, 
(C) cH ©-с-н (р)сн,—Сн-®—сн, 
он 


In hydroboration it is evident that in the overall reaction a molecule of a water has been added to 
propene and the addition is : 

(A) According to markownikoff’s rule (B) Contrary to Markownikoff's rule 

(C) Not concemed with markownikoff's rule (0) None of above 


NBS react with 1-butene to give — 
(A)3-bromobutene-1 (B) 1,2-dibromobutane (C) I-bromobutene (0) 1.2-dibromobutene-1 


Isobutane reacts with the following to form isooctane : 


(A) Isobutylene (B) n-Butene (C) n-Pentene (D) Isopentene 
Reaction of alkene and peracid gives oxirane. This reaction is named as — 
(A) Peroxidation (B)Oxidation (C) Priles chaiev (D) None 
The compound which reacts with HBr obeying Markownikov's rule is - 
A) CH, = CH B = 

(A) CH, =CH, вче 

Wy "E Hy. „н 
(С) (D) С=С 

н" 2 сн“ MH 

Alkene and alkyne gives following types of polymerisation — 
(A) Addition (B) Condensation (C) Substitution (D) Replacement 


Cyclic osmium ester of alkene after reacting with aqueous solution of sodium bisulphite gives — 
(A) Diol (B) Cis-diol (C) Trans-diol (D) Salt 


The minimum number of C atoms required to be present in an optically active alkene are: 
(A) 4 (B) 6 (C) 8 (D) 10 


Chloroethane reacts with alcoholic KOH to form — 
(A) Propyl chloride (В) Ethyl chloride (C) Ethene (D) None 


The synthesis of ethene from electrolysis of an aqueous solution of potassium succinate is known 
as: 

(A) Faradays electrolysis (B) Kolbe - Schmidt reaction 

(C) Hoffmann’s rearrangement (D) Kolbe's electrolytic Synthesis 
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Q.17 


Q.18 


Q.19 


Q.20 


- М =. CH,- CH.. Most probable mechanism for this reaction is - 
(A)EI (B) E2 (C) EICB (D) a elimination 
RCH - CH, can be obtained by : 


о 
(А) RA und (C,H; ), P = CH, (B) By heating RCH,CH,N(CH;), 
i 
Oo 
(C) By heating RCH,CH,OCOCH, (D) All of these 


If we take ethylidene chloride and isopropylidene chloride with zinc dust then product will be — 
(A) 2-butene 

(B) 2-butene + 2,3-dimethyl -2-butene 

(C) 2-methyl -2-butene 

(D)2-butene, 2-methyl -2-butene, 2,3-dimethyl -2-butene 


Identify ‘Z’ in the following == series, 
CH,CH,CH,Br —№0н!8) , 00-2, (ү) ж кеу 


(A) Mixture of CH, -fH- ен, a and CH3-CH-CH, 


а а OH CI 
(B) Сн; Ed e 
OH CI 
(C) BL di he (D) CH, - CH- CH; 
Cl OH а а 
ANSWERS KEY 
ол С Q2 C Q3 A Q4 A 
Q5 C Q6 D Q7 B Q8 A 
Q9 A оо C 9.11 D Q.12 A 
9.13 B 9.14 B 9.15 C Q.16 D 
Q.17 B Q.18 D 9.19 D Q20 B 
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REACTION CHART FOR ALKENES 


(1) R-H _ Pyrolysis, 
(2) R-C=CH Ni, H, 


200-3007C 


(3) R-CH,-CH,-X alc.KOH 


(4) R-CH,-CHC; 


R-CH-CH, 
оо EM и 
x X 


(6) CH,=CHCI 


(7) R-CH,-CH,-0H 


R-C-O-CH? -CH;-R 
(jt 2-CH2 
о 


RCHCH COOK 
Kolbe's clectrolyicsynthesis 
| ———— 
COOK 


(10) (RCH,CH,), NOH —*, 


a “> R-CH,-CH, 

©) es EC 
(3)..X ,R-CHX-CH, 

(4) . Hü.Pewsile | R-CH,-CH,Br 


(5) = R-CH(OH)-CH,CI 
LH,SO, 
6) a. R-CH,(OH)-CH, 


+H 


(7) -H R- CH-CH) 


R-CH-CH) 
wie dm 
CH, 

(9) P! ,(RCH,CH,)B 


(8) +CH,N, 


CO+H, 


(10) HCo(CO), ан 
(11) —2 CO, + H,O 
(у. 68, R- CH-CH, 


OH OH 
Bayerreagent 
1% alkalincKMnO { 


(13) | | 


он он 


strong oxidant 


(14) Т 
о 


Per acid 


= 


Priles—chalev'sreaction 


R-CH-CH, 
NS UM 
о 
0, +н,0 В. 

——- <= о-)› N 

Ozonolysis ре 
о 


(15) 


(16) 


0, 
(17) red Polyalkene 


(18) > Substitution product 


500°С 


(50 ah 
200-300*C 


aceticanhydride 


(19) 
(20) 


lsomerisation 


+ 
IH 
О 


R-CH-CH, 


2a 


R-CH,-CH-COCH, 
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R-CH-CH, R-CH,-CH, 


| 
CHO 


R-C-OH, co + H,O 


Methyl alkenyl ketoue 


(21)  ^Xae , Higheralkane 
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ALKYNE 


GENERAL INTRODUCTION 


(1) _ The chemistry of the carbon-carbon triple bond is similar to that of the double bond. In this chapter, 
we see that alkynes undergo most of the reactions of alkenes, especially the additions and the 
oxidations. We also consider reactions that are specific to alkynes : some that depend on the unique 
characteristics of the С = С triple bond, and others that depend on the unusual acidity of the 
acetylenic C— bond. 


(2) Alkynes are hydrocarbons that contain carbon-carbon triple bonds. Alkynes are also called acetylenes 
because they are derivatives of acetylene, the simplest alkyne. 


(3) Bond angle in alkyne is 180°. 
(4) Their general formulais C.H», » 
(5 C-C triple bond length is 1.20 A. 
(6) С-Н bond length is 1.08 A. 


Methods of Preparation 
From Gem Dihalides (Dehydrohalogenation) : 


X 


| Na 
R-C-C-H + ale. KOH. ——— R-CH«C-H —*> R-C=C-H 
-HX -HX 


—о—:1 


| 
X 


KOH + CHOH —» CHOR + H.O 
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From vicinal dihalides : 


; _(_ _NaNH, —й > 
E RI ирт; ашыл 2 =< i —CzC 

X X 
vic-dihalide vinyl-halidc alkyne 

(very unreactive) 

The elimination of one molecule of hydrogen halide yields vinyl halide which is very unreactive. Under 
mild conditions, the dehydrohalogenation stops at vinylic halide stage but more vigorous conditions— 
like the use ofa stronger base like amide ion (NH. )—аге required for alkyne formation. 


From Tetrahaloalkanes (Dehalogenation) : 


Hi Wi 
: ^ x A Е. ЖУТ £9 
R-C-C-H + Zn(dust) 30050 R-C=C-H анг К-С= С-Н 
X X 


In the above reaction it is necessary that the four halogen atoms must be attached at vicinal carbons. 
If they are attached at the two ends then the product cyclo alkene is obtained. 
From Kolbe's Synthesis : 


Potassium Malaete 


At Anode : 

П о 
H-C-C-O H-C-C-O = He me 

ee > + 2е — T 2 

H-C-C-O H | H-C 

i j 
At Cathode : 

2K* + 2e- —— 2K" 


2K* + 2H,0 —— 2KOH +H, 
Laboratory method of preparation of Acetylene : 


(a) In laboratory acetylene is prepared by hydrolysis of calcium carbide. 


CH 
Ca |! «2H,O —э || + Ca(OH), 
Cc CH 


(b) It can also be prepared from CHCI, with Ag dust. 
2СНС1; + 6Ag —— H-C=C-H + 6 AgCl 
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From Alkynes : (To form higher Alkynes) 
With Na : When acetylene or 1- alkyne react with Na in presence of liq. NH, then an intermediate 
compound sodium acetylide or sodium alkynide is formed which gives higher alkyne with alkyl halide. 


2H-C=C-H+2Na E75, 2H-Ce Са OR, H-C=C-R 
2 


oe Ө 
WA SRN © 
H-CeC- u—RMEX , RH + НС =C MeX 


i 


H-C=C-R+Mgx, 
liqNH =, 
2R-CzC-H + 2Na 4 2R-CsCNa —*—X , R-CzC-R' + NaX 


With Grignard reagent : When acetyline or 1- alkyne react with GR then alkane and unsaturated GR 
is formed which further react with alkyl halide and form higher alkyne. 


H-C=CH + RMgX — 9 HC=CMgx — H-C=C-R 


acetylene 
R-C=C-H+RMgX —RH^ R-C=C MgX R-X Сас 


PHYSICAL PROPERTIES 

(a) Alkynes are colourless, odourless and tasteless. 

(b) Lower alkynes are partially soluble in H,O. (It is due to its polarisibility). 
(c) Higher alkynes are insoluble in water due to more % of covalent character. 
(d) Completely soluble in organic solvents. 


(с) Melting point and boiling point increases with molecular mass and decreases with number of 
branches. 


(f) Upto С, alkynes are gaseous.C ;-C,, are liquid, С. & above are solids. 


(g) Pure acetylene is odourless and impure acetylene has odour like garlic. It is due to impurities of 
Arsene (AsH,) & Phosphine (PH;). 
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(h) Acetylene & 1- alkyne are acidic in nature. It is due to greater electronegativity of sp hybridised 
5 

{i) Acetylene has two acidic hydrogen atoms. It can neutralise two equivalents of base at the same time. 
So itis also called as dibasic acid. But the base should be very stronger as NH, or СН; etc. 


CHEMICAL PROPERTIES 


The chemical behaviour of alkynes is similar to that of alkenes. Alkynes form addition products with 
two or four univalent atoms or groups. They are generally less reactive than alkenes towards 
electrophilic addition reactions even though z electron density is higher in alkynes. This is because 
on moving from alkene to alkyne, the C—H bond has more of s character (33% in alkenes as 
compared to 50% in alkynes). Therefore, the zx-electrons аге more firmly held by carbon nuclei 
in alkynes and are thus less reactive to an electrophile. 


Hydrogenation 
H 


R-C-CH T н-т" К - СН, - CH, 


R-CsC-H + Н; High Temp. 
H 


Ni 
High Temp. 
The above reaction is called as Sabatier Senderson's reaction. 


Hydrogenation in the presence of lindlar's Catalyst : 
Addition up to alkene takes place in cis manner. 


9  H-CxC-H 4H, tee, eme. 


CH 
(i) СН,-С=С-СН; +H, . Pd-BaSO, 3 


omo 


Hydrogenation by Na + NH; (liq.) : 
Addition upto alkene takes place in trans manner 


© CH=CH vues „2° 56 


і н 
(i) ^ R-CsC-R'  NaNHjig , P 


Mechanism : 


Na — Na*e 
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- "e. 
R-CezC-R'*e — >R-C=C-R' 
B E. 
Nn [uv 
R-C-C-R' 


| 
H 


Go _ 
[Na Na+e 


R- T 
H 


Ө 

С= 

Nn ua 
I 


| 
Ком 


Reduction with the help of B;H, : 
Alkyne is first reacted with MC and is "D by TS hydrolysis, cis alkene is obtained. 


R-CaC-R 2H& IN > с=с 
Halogenation : 
In presence of Lewis acid as a catalyst alkyne form tetrahaloderivative with halogen. 
X X x 
FeX3 | x | I 
R-C=C-H + X-X X-FCIBr "SSH — кри 
х ХХ 
FeX; + X, Fe X, + X* 
X, 
к-сёс-н X-X, n-C-€-n 
TX 
X 
di as 
X 
х ~X+FeX, 
ХХ, 
R- Tp 
X 
|: 
rj 
R-C-C-H 
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Example : 
Br Br 
с=с __Во | | 
= е T осі” дй кї ll 
Вг Вг 


Alkynes add two molecules of Br, in ССІ, and decoloration of bromine water is used to detect the 
presence ofa double or triple bond. 


Reaction with HX (Hydrohalogenation) : 
Alkyne form gem dihalide with HX because reaction follows markownikoffss Ist and IInd rule both. 


x X 
R-CuC-H4H-X.—. R:iC- сн, HX, pd CH, 

| 

X 

gem dihalide 


Mechanism : The reaction takes place in the presence of Hg^* ion. 


Hg?* 
^^ 
+ is R H 4 > R 
= H A ` М. Er А 9 „А "ы, een 
R-CeC-R HE, вс Н» Decl H CCL 
H 
_НХ,х—с—с—н 
X 
Note : (i) First step is faster than the second step among addition of two HX on alkyne. 
X H ftr 
HX/Hg?* LL ODUHP* „я. болу нң 
Bem Faster Н-2569 slower | | 


Slower rate of addition of 2nd molecule is caused by lower electron cloud density on 
C = C, due to - I effect of 'CI'. 


(ii) peroxide give same effect as in alkene 


H Br H Br 
H p Енн, R—b bn 
R-C=CH Peroxide Peroxide | | 
H r 
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R-O-O-R+H-Br ——» Br*R- OH 


к-СМС E Барби 


Reaction with Hypochlorous acid or Chlorine water : 


Hypochlorous acid is broken into H ОС! & ions & give product. according to markonicoff's rule. 


ac ril R-C-O 
R-C E- dé R-C ӧ- ӧз R-C-OH | 
Hs я H-C-CI by 


| 
Cl k 
unstable 


Hydration : Addition of water to alkynes is carried out in the presence of acid and mercuric sulphate. 


HC = CH 


— — B QO H Ly 
HgSO,, H,SO, Б" E ^w Tautomenzes, и (C-09 
н о-н | 


vinyl alcohol 


(enolic form-less stable) Acetaldehyde 


eT or = CH,CH,—¢—CH, 
H 


(enol) (ketone) 


11,0 


CH,;—CH,—C = CH онҳо; 
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= CH HO—C = CH, Н. 
MONE: HO 
71250, SO, 


Acctophenone 


Addition of alcohol 


olefinic ether acetal / ketal 


Addition of carboxylic acid : 
In the presence of Hg?* unioxylation of carboxylic acid takes place. 


? [9] 
П 
H-C=C-H+H-0-G-CcH, H$, cH,-cH-0- 0 cu, 


Adition of Boron Hydride (Hydroboration) : 
(i) ‘ith mono-alkyl acetylene. R,BH gives an intermediate which on hydrolysis gives alkene but on 
alkaline oxidation yields aldehyde. 
В" 
R—CsC—H«RBH- “ос Ae 
Dialkyl H bh bL 


borane —— oxidation | H,0,, NaOH 


R'CH = CH; 


R'CH,CHO 
R-C=C-R'+BH, ә R-C-C-R 


m 
H BH, 


pe C=C-R’ 


R' 
CUM DI o FM 
„с=с. “Hydrolysis AS ТТ 
H H 


(cis-alkene} | H.O/NaOH 
R-CH-C-R' 
| OH 


R-CH,-C-R 


(ii) "ith dialkyl acetylenes, the product of hydrolysis is cis-alkene and that of oxidation is a ketone. 
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“<< 
R—C = C—R’ + BH > 
3 58 
Dialkyl acetylene vinyl borane 
H,0,, CH,COOH 
NaOH oxidation hydrolysis 
R R R' 

Nc=0 Ne=cZ 
Wf Ng 
ketone ть. 


Addition of HCN : 
Addition takes place in the presence of CuCl 


H-C=C-H + H-CN —©Ч%© › CH,=CH-C=N 
770° = 


Addition of AsCl, : 
Lewisite is obtained 


R-CeC-H ———— R— MONA 


с-а b Мс, 


Lewisite 
Oxidation: 


With acidic or alkaline KMnO, alkyne break into two parts from triply bonded carbon and every 


part forms respective acid. 
R- C-OH + H- C- OH 
ЭШ 
H-C=C-H +[О] . AcidicKMnO, , 2H- p^ 
CH,-CeC-H + [0] —AGdic/AKKMnO, , CH,- C-OH + H- C- 
су d 


R-C=C-H + [0] _А©®%с'АККМПпО, 


CH,-C=C-CH, + [0] —ASdi/AKKMnO, ‚ 20H, - C-OH 
ll 
Ó 


Exception: Acetylene forms oxalic acid with alkaline KMnO; exceptionally. 


H-C=C-H + [0]  AkKMno, , СООН 
COOH 
Ozonolysis 
The ozonolysis of alkynes p a mixture of carboxylic acids. 


HO . 


R' т h н.о. 
R'—C =C_R+0, on Gh ae RM d mener R'COOH + R COOH 
Ó 
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Acidic nature of 1- Alkyne or Acetylene 

In 1- alkyne or acetylene, the H which is linked with sp hybridised carbon is called as acidic or 
active Н. It can easily be substituted by metal or alkaline species. Hence 1- alkyne or acetylene 
are acidic in nature. eg. 


Reaction with Na: 
2R-C=C-H + Na R> 28 -С= C9Na? 
sodium alkynide 
OR 
2R-C=C-H + NaNH; — ур» 2R-C=C°Na® 


H-C=C-H + Na ——› Na®C°=C9Na® 
disodium acetylide 


Note : Where this alkynide is treat with alkyl halide higher alkyne is obtained. 
R-C=CNa + X-R' ——» R-CzC-R' + Мах 
NaCzCNa -2R'-X ——. КС = С — R' + 2NaX 


Reaction with Ammonical Silver Nitrate solution : (Tollen's Reagent) 


2R-CeC-H + AgNO; + NH4OH —р-у-›> 2R-C=C°Ag® 


silver alkynide (white ppt) 
H-C=C-H + AgNO, + NH,OH —Ho* Ag®c® = C®Ag® 
silver acetylide (white ppt) 


Reaction with Ammonical Cuprous Chloride solution : 
2R-C=C-H+ Cu,Cl, + NH,OH нег’ 2R-C=C°Cu® 
cuprous alkynide (red ppt.) 
H-C=C-H + Cu,Cl, + NH4OH —регэ Cu®C® = СӨСи® 
dicuprous acetylide (red ppt.) 


Reaction with NaOCl : 
Acidic hydrogen is substituted by 'CI' 


(i) H-C=C-H —Na0Cl, c1 cec. cl 
ü)  R-C=C-H —NeOC! р cec. cl 


Mechanism : 


Cue C 


R—CsC—H М0, gp Cac C79- , R-C=C-CI 


R 70—CI x 


—OH 
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Polymerisation Reactions : Alkyne mainly shows addition polymerisation reactions. 
Dimerisation and Cyclization 


(a) Dimerisation : 
Two mole acetylene reacts with CuyCl, & NH.4CI and forms vinyl acetylene. 
Note : If acetylene would be in excess then product would be divinyl acetylene and the reaction 
is called trimerisation. 
H H H 
H-C=6 + H-C a C-H . CuzCl2 *NH4CI , на: ёс8-и 
vinyl acetylene or butenyne 
нн нн н H 
icd. Босе = Кын -—- нй сес-ф--н 
divinyl acetylene 
(b) Trimerisation : 
If three mole of acetylene is passed into red hot iron or Cu or quartz tube, then a cyclic trimer is formed 


which is called benzene. 
e H 
(CHS No Ё Me 
|1 O'  RedhotFe/Cu/Quarz М | 
сн С, С=сСО› +Br CH CH 
И У (Octa Carbonyicobst YS 
© CH 
% with bromine) 
benzene 
CH 
E бнз 
CH с С 
Ill Ww DAENS 
CH, -C CH i н 
T —— CH- z 
gen CH; - As 
HC 


mesitylene (having 3-1°, 3-2° & 3-3° carbons) 
Important : Mesitylene can also be obtained from acetone by condensation polymerisation. 


(c) Tetramerisation : According to the name four moles of acetylene are heated with nickel tetra 
cyanide, then acetylene forms a cyclic tetramer cyclo octa tetraene. 


CH=CH „/СН=Сн 
CH CH > CH 
Ti Ш МСМ. , || ПИ 
CH CH CH 
CH=CH N CH=CH 
(Nonaromatic) cyclooctatetraene 


Coupling:- 
(a) 3 Alkyne form respective cuprous alkynide with ammonical cuprous chloride solution. When cuprous 
alkynide is reacted with pottasium ferri cyanide [K,Fe(CN),] they converted into conjugated diyne. 
R-C=CH + Cu(NH;),Cl ——, R-C=C.Cu 
cuprous alkynide 


(b) 
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2R-C=C.Cu ЕЕ R-C=C-C=C-R 
diyne 
Coupling is also done easily by l-alkyne in the presence of Cu,Cl, (cuprous compound) and amine 
(ie. pyridine + air) cuprous alkynide is formed (this coupling is known as oxidative coupling or glaser 
coupling) 
2R-CsCH + 20; СаО, R-CaC-CaC-R + HO 


2CH,-C&CH + 40, .CuCb/NP , CH, CS C- CE C- CH; + H,O 
2,4-Hexadiyne. 
Isomerisation :— 
(a) When l-alkyne is treated with alcoholic KOH 2-alkyne is formed. 


R-CH,-C=CH ASKON, R-C=C-CH, 
l—alkyne 2-alkyne 
(b) When 2-alkyne is treated with sodamide then it is converted into 1-alkyne. 


Бе ЖЕ” ЭН NaNH Ф _C= + _ r 
CH;-C=C-CH; NEE » CH,-CH,-C CNa 0, CH CH,-C=CH 


MCQ 


Q.1 


Q.3 


Q.4 


Q.5 


What happens when 2- butyne reacts with H, in presence of Nickle Boride or lindlar's catalyst 
(Pd/CaCO,-PbO) - 


(A) CH, -C-H (B) Se en 
сн; -C-H H-C- CH; 


(C) CH, - CH,- CH,- CH, (D) CH; = cH 
CH=CH, 


What will be the product of chlorine water and acetylene - 
(A) Dichloro propanol (B) Dichloroethanal 
(C) Propanol (D) 2-Chloro ethanol 


Product formed by the oxidation of acetylene in the presence of alkaline KMnO, 
(A) Glyoxal (B) Oxyrane (C) CO, + H,O (D) Oxalic acid 


Acetylene on treating with HI gives — 
(A) 1,1-Ditiodoethane (B) Ethylene (C) Iodoethane (D) Ethane 


Acetylene and ethylene react with alk KMnO, to give — 
(A) Oxalic acid and formic acid (B) Acetic acid and ethylene glycol 
(C) Ethyl alcohol and ethylene glycol (D) None 


Q.6 


Q.7 


Q.9 


Q.10 


Q.11 


Q.12 


Q.13 


Q.14 


When 2-butyne reacts with sodamide in an inert solvent in the presence of dilute HCI, the product formed 
& 
(A) n-Butane (B) 2-Butene (C) 1-Butyne (D) 1-Propyne 


Which of the following can not react with ammonical silver nitrate- 
(A) Acetylene (B) Hexyne-1 (C) Phenyl acetaldehyde (D) hept-4-yne-2-ene 


The hydrocarbon that reacts with ammonical cuprous chloride is- 
(A) Essentially aromatic (B) Ethane (C) Ethyne (D) Ethene 


The product of reaction CH,CH,CH, MgBr + НС = ССН, > 
is 

(A) CH, CH, CH, 

(B) CH, CH, CH, C=C CH, 

(C) CH, CH, CH, OH 

(D) CH, CH, CHO 


I -butyne can be distinguished from 2-butyne by using 
(A) bromine water (Br, inCCl,) 

(B) cold alk. KMnO, (Baeyer's Reagent) 

(C) ammoniacal solution of silver ( Tollen's Reagent) 


(D) diethyl ether 

What is the chief product of reaction between [-butylene chloride and alc. KOH/NaNH, 

(A) 1,2-butadiene (В) 1,3-butadiene (C) 2-butyne (D) I-butyne 

Chloroform is heated with Ag powder in laboratory what will be the product - 

(A) Acetylene (B) Ag,O (C) СН,СІ, (D) CH, 

Ethylene dibromide on treating with alcoholic KOH gives — 

(A) C,H, (B) CH, (C) C,H, (D) C,H, 

Treatment of an alkyne with H, in presence of palladised coke results in the formation of- 

(A) Alkane (В) Alkane vigourously (C) Trans-alkene (D) cis-alkene 
ANSWER KEY 

QI А Q2 B Q3 D Q4 А 

0.5 A Q6 C Q7 D Ооз € 

Q9 A оло C олп C Q.12 A 

Q.13 D Оол D 
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REACTION CHART FOR ALKYNES 


(1) CH,Br-CH,Br alc.KOH or NaNH., (1) 


(2) CH—CHBr, зіс. KOH, NaNH, (2) 
(3) CHCI, (3) 
C,H, 
(4) CHBr,.-CHBr, (4) 
CHBr ©) 
(5) | (6) 
CHB 
_ (7) 
(6) CH,-CH-CI 

7) пач Kolbe'scicctrolyticsynthesis e 
( HC - COONa 9) 
(8) Сас, ч 
electric агс,1200°С (11) 

(9) 2C + н, Berthelot’s process 
(10) CH,-C=CH (i) Na (u]R-X (12) 

(10) CH,-C=CH CH Mel in) R-X 
(13) 
(14 
(15) 
(16) 
(17) 
(18) 
(19) 
(20) 
(21 
(22) 
(23 


(24) 


Ex CH CIE 
1 
X2_, CH,X, 


HBr 


— CH,BrCH,Br 
Peroxide ы < 


HBr 
CH,-CHBr, 


CI,CHCHO 


HCN.Ba(CN)}» . CH -CHCN 
cucoor.He". , CH.CH(OCOCH,), 


Hy? 80°C, dil. H,SO 


o Peroxide 
HOCI 


( Kucherovs reaction ) CH,CHO 
Cov.H:50, , CH,CH(HSO,), 


CHCI-CHAsCI, 
C.H,OH/H.O 
HgSO, 


AsCl, 


CH,CHO 


CO+HOH 


Nico, ^ CH;-CH-COOH 


CO * ErOH 
Ni. 160°C 
NaNH, 


CH,=CH-COOEt 


NaC=CNa 


AgNO, +NH,OH 
AgC=CAg 


CuC=CCu 
CO, + H,O 


(Tollen's Reagent) 
Cu,Cl, +NH,OH 
Combustion O, 


о 
Bayer Reagent | — HCOOH 
О CHO 


91s HOCH 
Ozonolysis A. 


Trimerisation 


. S509 HCOOH 


benzene 
(Red hot iron tube ) 
Trimerisation 
[Ni(CN);] 
Dismerisation 


[Cu(NH, J.T 


C,H,or 1,3,5,7-cyclo octa tetraene 
butenyne 
s 
as 
A 


CH,OH CH(OCH3); 
аа A і 


emm) СН, "Уа! 


PURIFICATION AND CHARACTERISATION OF ORGANIC COMPOUNDS 


PURIFICATION OF ORGANIC COMPOUNDS 


The methods to be employed depend on the physical state of the compound. 


Crystallisation : This method is based on the differences in the solubility of the organic compound and 
its impurities in a solvent. 


(a) Preparation of the solution : Organic substance is powdered and is dissolved in a suitable solvent by 
heating. The amount of solvent should be just sufficient to dissolve the whole of the solid on heating. 
Choice of Solvent. The choice of solvent is very important in the crystallisation process. The main 
conditions of the solvent are: 


{i) The organic substance should dissolve in the solvent upon heating and it should get separated on cooling. 
(1) The solvent should not dissolve the impurities. 
(ш) ^ Thesolvent should not react chemically with the substance. 

For example, suppose we want to purify sugar containing an impurity of common salt. This can be done 


by treating the mixture with ethanol around 350 K. The sugar will dissolve whereas common salt remains 
insoluble. 


(b) Filtration of the solution. The hot saturated solution is filtered preferably through a fluted filter paper 
placed in a glass funnel. The use of the fluted filter paper makes the filtration rapid. The jacketer of the 
hot water funnel is heated from outside and this keeps the solution hot in the glass funnel. This will 
prevent the formation of crystals during filtration. 


(c) Crystallisation. The hot filtration is allowed to cool slowly and undisturbed in a beaker or in a crystallising 
dish. After some time the crystals of the pure compound are formed. 


(d) ^ Separation of the crystals. The crystals formed are separated from the mother liquor by filtration. The 
filtration is normally done by use of Buckner funnel and a suction pump. This enables the filtration under 
reduced pressure and is therefore, quite fast. 


(e) Drying of crystals. The crystals are dried by pressing between the folds of filter paper and then placed 
in a steam of air oven for some time. The crystals are finally dried over sulphuric acid or calcium chloride 
in a desiccator. 


Sublimation : Certain organic solids directly change from solid to vapour state on heating. This process 
is called sublimation. The vapours on cooling change back to the solid form 


Heat 


Solid <=> Vapours 
Cool 


The sublimation process is used for the separation of those solids which sublime on heating from non- 
volatile solids. The process is generally used for the purification of camphor, naphthalene, anthracene, 
benzoic acid, etc. containing non-volatile impurities. 


Distillation : 
This method is used for the purification of liquids which boil without decomposition and contain non- 
volatile impurities. The simple distillation involves its boiling point so that it is converted into vapours. On 
cooling the vapours, pure liquid is obtained. 
The distillate contains pure liquid while the impurities are left behind in the distillation flask 
e.g.Ether from ethyl alcohol. 


Fractional Distillation : 
This process is used to separate a mixture of two or more miscible liquids which have boiling points close 
to cach other. The fractionating column is a long tube provided with obstructions to the passage of the 
vapours moving upwards and liquid moving downwards. This method may be used to separate a mixture 
of acetone (b.p. 330K) and methyl alcohol (b.p. 338. К). 


Distillation under Reduced pressure (Vaccum Distillation) : 


Certain liquids have a tendency to decompose at a temperature below their boiling points. Such liquids 
cannot be purified by ordinary distillation. Therefore vacuum distillation is used for liquids which decompose 
ata temperature below their normal boiling points. 

Ex. glycerol boils with decomposition at 563K. 


Steam distillation : 
The process of steam distillation is used for the separation and purification of liquid which is appreciably 
volatile in steam, from non-volatile components of a mixture. Thus, the process of steam distillations is 
used to purify the substances which 

(1) are volatile in steam but are not miscible with water 

(ii) possess sufficiently high vapour pressure at the boiling point temperature of water (100°C) 

(ш) ^ contain non-volatile impurities. 
The process of steam distillation can be applied for the separation of a mixture of 
o-nitrophenol and p-nitrophenol. Іп this process, water vapours carry along with them vapours of o- 
nitrophenol which is more volatile and they get condensed in the receiver; 
p-nitrophenol with higher b.p. remains in the distillation flask. The method can also be used for the 
purification of impure sample of aniline. 
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Chromatography : 


This method is based on the differences in the rates at which the components of a mixture are adsorbed 
on a suitable adsorbent. There are many forms of chromatography such as column chromatograhy, 
paper chromatography, thin layer chromatography (TLC), gas chromatography, etc. The simplest method 
is column chromatography. 


Applications of chromatographic method. This method has been used 
(i) To separate ortho and para nitro-anilines. 

(ii) To separate blue and red dyes. 

(iii) To separate and purify plant pigments and other natural products. 


Types of chromatography : 
Based on the principle involved chromatography 
is classified into different categories. Two of these 
are. 
(a) Adsorption chromatography, and 
(b) Partition chromatography 


(a) Adsorption chromatography : 
Adsorption chromatography is based on the fact that different compounds are adsorbed on an adsorbent 
to different degrees. Commonly used adsorbents are silica gel and alumina, When a mobile phase is 
allowed to move over a stationary phase (adsorbent), the components of the mixture move by varying 
distances over the stationary phase. Following are two main types of chromatographic techniques based 
on the principle of differential adsorption. 

{i) Column chromatography, and 

(ii) Thin layer chromatography. 


Column chromatography: 
Solvent 
Mixture of a 
compounds (a*b*c) ЯР b 
Adsorbent к 
(stationary phase) 
Glass wool 


T 


Column chromatography. Different stages of 
separation of components of a mixture 
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Column chromatography involves separation of a mixture over a column of adsorbent (stationary phase) 
packed ina glass tube. The column is fitted with a stopcock at its lower end. The mixture adsorbed on 
adsorbent is placed on the top of the adsorbent column packed in a glass tube. An appropriate eluant 
which is a liquid ora mixture of liquids is allowed to flow down the column slowly. Depending upon the 
degree to which the compounds are adsorbed, complete separation takes place. The most readily adsorbed 
substances are retained near the top and others come down to various distances in the column 


Thin layer chromatography : 


4— jar 
adsorbent coated 
on glass plate 
sample dot 


solvent x 


base line 


Thin layer chromatography 


chromatogram being developed Developed chromatogram 


Thin layer chromatography (TLC) is another type of adsorption chromatography, which involves 
separation of substances ofa mixture over a thin layer of an adsorbent coated on glass plate. A thin layer 
(about 0.2 mm thick) ofan adsorbent (silica gel or alumina) is spread overa glass plate of suitable size. 
The plate is known as thin layer chromatography plate or chromaplate. The solution of the mixture to be 
separated is applied as a small spot about 2 cm above one end of TLC plate. The glass plate is then 
placed in a closed jar containing the eluant. As the eluant rises up the plate, the components of the 
mixture move up along with the eluant to different distances depending on their degree of adsorption and 
separation takes place. The relative adsorption of each component of the mixture is expressed in terms 
of its retention factor i.c. Ryvalue 


В, = Distance moved by the substance frombaseline(x) 
' "Distance moved by the solvent from base line (y) 


The spots of coloured compounds are visible on TLC plate due to their original colour. The spots of 
colourless compounds which are invisible to the eye but fluoresce, can be detected by putting the plate 
under ultraviolet light. Another detection technique is to place the plate in a covered jar containing a few 
crystals of iodine spots of compounds, which adsorb iodine will show up as brown spots. Sometimes an 
appropriate reagent may also be sprayed on the plate. For example, Amino acids may be detected by 
spraying the plate with ninhydrin solution 


(b) 


Partition Chromatography : 


base line 


Paper chromatography chromatography 
paper in two different shapes 


Partition chromatography is based on continuous differential partitioning of components of mixture between 
stationary and mobile phases. Paper chromatography 15 a type of partition chromatography. In paper 
chromatography, a special quality paper known as chromatography paper is used. Chromatography 
paper contains water trapped in it, which acts as the stationary phase, 


A strip of chromatography paper spotted at the base with the solution of the mixture is suspended in a 
suitable solvent ora mixture of solvents This solvent rises up the paper by capillary action and flows over 
the spot. The paper selectively retains different components according to their differing partition in the 
two phases. The paper strip so developed is known as a chromatogram. The spots of the separated 
coloured compounds are visible at different heights from the position of initial spot on the chromatogram. 
The spots of the separated colourless compounds may be observed either under ultraviolet light or by 
the use of an appropriate spray reagent as discussed under thin layer chromatography. 


QUALITATIVE ANALYSIS OF ORGANIC COMPOUNDS 


The qualitative analysis of an organic compound involves the detection of all the elements present in it. 


Detection of Carbon and Hydrogen : A small amount of the dry and powdered substance is mixed 
with about double the amount of pure and dry copper oxide. The mixture is heated in a well dried hard 
glass tube (fig) delivery tube is packed with glass wool containing anhydrous copper sulphate (white). 
When the mixture is heated , the carbon present in the compound is oxidised to carbon dioxide which 
turns lime water milky. The hydrogen present in the organic compound is oxidised to water which tums 
anhydrous copper sulphate in the bulb to blue, 


Anhydrous copper sulphate 


Organic compou 
+ 
Copper oxide 


fig. Detection of carbon and hydrogen in an organic compound 


С +2СиО LOS CO, + 2Cu 

from organic compound 

CO, = Ca(OH), — — CaCO, * H,O 

lime water milky 

2H + CuO 1, H,O + Cu 

from organic compound 

CuSO, + 5Н,О С CuSO, . 5H,0 
anhydrous copper sulphate hydrated copper sulphate 
(white) (blue) 


This method is known as copper oxide test. 


Detection of Nitrogen : Nitrogen in an organic compound is detected by the following tests : 


(a) 


(b) 


Soda lime test. A pinch of an organic compound is heated strongly with soda lime (NaOH + CaO) in 
atest tube. If ammonia gas evolves, it indicates nitrogen. 


Сао 
СН;СОМН, + NaOH > CH,COONa + МН, 
acetamide 
Limitation : This method has a limitation. A large number of organic compounds such as nitro and diazo 
compounds Яо not liberated ammonia on heating with sodalime. 


Lassaigne's method : А small piece ofa dry sodium metal is heated gently in a fusion tube till it melts to 
a shining globule. Then , a small amount of organic substance is added and the tube is heated strongly till 
it becomes red hot. The red hot tube is then cooled and filtered. The filtered liquid is known as sodium 
extract or Lassaigne’s extract. 
The Lassaigne's extract is usually alkaline. If not, it may be made alkaline by adding a few drops ofa 
dilute solution of sodium hydroxide added to a part of sodium extract a small amount ofa freshly prepared 
ferrous sulphate solutionis and the contents are warmed. A few drops of ferric chloride solution are 
then added to the contents and the resulting solution is acidified with dilute hydrochloric acid. The 
appearance of a bluish green or a blue colouration confirms the presence of nitrogen in the organic 
compound. The following chemical reactions occur during the test : 
Na + C + N —> NaCN 
from organic 
compound 
FeSO, + 2NaCN —> Fe(CN), + Na,SO, 
Fe(CN), + 4NaCN —> Na,[Fe(CN),] 

sodium ferrocyanide 


(i) 


(ii) 


3Na,[Fe(CN),] + 4FeCl, —> Fe,[Fe(CN),J; + 12NaCI 


ferric ferrocyanide 


(blue colour) 

Detection of Sulphur : The sulphur in the compound reacts with sodium metal to form sodium sulphide. 

2Na*S —»À Na,S 

from organic compound 
The Lassaigne’s extract is divided into two parts and following tests are performed. 
Sodium nitroprusside test. The one portion of the extract, a few drops of sodium nitroprusside are 
added. The appearance of violet colouration indicates sulphur. 
Na,S + Na, [Fe(CN);NO]—9 Na,[Fe(CN),NO.S] 

sod. nitroprusside violet colouration 


Lead acetate test : The other part of the Lassaigne's extract is acidified with acetic acid and then lead 
acetate solution is added. Formation of black precipitate confirms the presence of sulphur. 


Na,S + Pb(CH,COO), —> PbS + 2CH,COONa 


lead acetate black 


Detection of Halogens : 


(i) 


(ii) 


(iii) 


Lassaigne’s test. Sodium extract is prepared as already. During fusion , sodium will combine with the 
halogen (from the organic compound) to form sodium halide 
Na+ X —'5**., NaX (X=Cl, Br, I) 
A white precipitate soluble in ammonium hydroxide solution indicates the presence of chlorine in the 
organic compound 
NaCl + AgNO, — AgCl + NaNO, 
white ppt. 


A dull yellow precipitate partially soluble in ammonium hydroxide solution indicates the presence of 
bromine in the organic compound. 
NaBr + AgNO, —> AgBr + NaNO, 
dull yellow ppt. 
A bright yellow precipitate, completely insoluble in ammonium hydroxide solution, indicates the presence 
of iodine in the organic compound. 
Nal + AgNO, —> Agl + NaNO, 
bright yellow ppt 


Special test for bromine and iodine. 


2NaBr + с, —э 2NaCl + Вг, 


(tums CS, layer orange) 


2Nal + с, — 2NaCl + I, 


(turns CS, layer violet) 


Test of phosphorus : 


The compound is heated with an oxidising agent (sodium peroxide). The phosphorus present in the 
compound is oxidised to phosphate. The solution is boiled with nitric acid and then treated with ammonium 
molybdate. A yellow colouration or precipitate indicates the presence of phosphorus. 

Na PO ,+3HNO,—>H,PO, + 3NaNO, 


HPO, + 12(NH4);MoO, + 21HNO4 — (NH, ),PO,.12M0O, + 21NH;NO, «12H;O0 
Ammonium molybdate Ammonium phosphomol ybdate 


QUANTITATIVE ANALYSIS OF ORGANIC COMPOUNDS 


Estimation of Carbon and Hydrogen : 


(a) 


Principle. A known weight ofthe given dry organic compound is heated strongly with dry cupric oxide 
in an atmosphere of air or oxygen free from СО,. The carbon and hydrogen of the organic compound 
are oxidised to CO, and water vapour as : 


C + 2Cu0 — —9 CO, + 2Cu 

(from compound) 

2H + CuO — —— H50 + Cu 

(from compound) 

Procedure : 

Let the mass of organic compound taken = m g 

Mass of water formed = m, g 

(increase in CaCl, U-tube) 

Mass of carbon dioxide formed= m, g 

increase in potash tubes) 

Percentage of Carbon 

We know that ] mole of carbondioxide (44 g) contains | gram atom of carbon ( 12g). 
CO,sC 

44 gof CO, contain C= 12g 


: 12 
т 8 of CO, contains C = — 


AW UE 


12m; 
Hence Percentage of carbon = ш х 100 


(b) 


Percentage of Hydrogen 

We know that one mole of water ( 18g) contains 2 gram atom of hydrogen (2g) 
H,0-2H 

18g of H,O contain Н = 2g 


^ m, gof HO contains Н = 2 xm; g 


š 2m, 
Percentage of hydrogen = 157. х 100 


12 Mass of CO, formed 


Percentage of C = rr ee Mass of compound taken * 100 
_ 2 Mass of H,O formed 
Percentage of H = 18 * Mass of compound taken * 100 


Estimation of Nitrogen : 


There are two methods for the estimation of nitrogen 
(1) Duma's method (ii) Kjeldahl's method 


Duma's method: 


Principle of the method. A known mass of an organic compound is heated with dry cupric oxide in an 
atmosphere of carbon dioxide. The carbon and hydrogen are oxidised to carbon dioxide and water 
respectively while nitrogen is set free. If any oxide of nitrogen is produced during this process, it is 
reduced to nitrogen by passing over a heated copper gauze. The gaseous mixture is collected over an 
aqueous solution of KOH when all the gases except nitrogen are absorbed. The volume of nitrogen 
produced is measured at room temperature and atmospheric pressure. From the volume of N. produced, 
percentage of nitrogen in the sample can be calculated. 


C + 2CuO — CO, + 2Cu 
2H + СиО —э H,O + Cu 
2N + CuO —э №, + oxides of nitrogen 
Oxides of nitrogen + Cu — СиО + №, 
Let the mass of organic compound = wg 
The volume of nitrogen collected = Vem? 
Atmospheric pressure (from barometer) = P mm of Hg 
Room temperature = tC 
Aqueous tension at t"C =a mm of Hg 
Pressure of dry nitrogen = (P —а) mm of Hg 


Let us first convert the volume of nitrogen to volume at S.T.P. 
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Experimental conditions S.T.P. conditions 


P,=(P-a) mm Hg P,=760mm 
T, =(273+t)K Ty = 273 
У =Мст? v=? 

PAY; _ РМ 


Applying gas equation 7M. Е 


PMT, _ (P—a)xV х 273 _ 3 
P,T, ^ 760(273+t) = ХС" Gay) 


Now 22400 cm? of N, at S.T.P. weight = 28 g 


28 


3 ill weigh = —-—— 
x cm" of N, at S. T.P. will weigh 22400 ^^® 


Mass of nitrogen 


—————————— ———— x 100 
Mass of organic compound x 


-. Percentage of nitrogen = 


is 28x x100 
~ 22400x w 


Kjeldahl's method : This method cannot be used for 
(1) Organic compounds containing nitrogen in the ring such as pyridine, quinoline, etc. 
(ii) Organic compounds containing nitrogen (-NO») and diazo (-N = N-) groups. 


Principle : A known weight of the organic compound is heated with conc. H,SO, so that nitrogen is 
quantitatively converted into ammonium sulphate. The solution is then heated with excess of sodium 
hydroxide. The ammonia gas evolved is passed into a known but excess volume of standard acid (HCI 
or H,SO,). The acid left unused is estimated by titrating the solution with standard alkali. From the 
amount of acid left unused the amount of acid used for neutralisation of ammonia can be calculated. 
From this percentage of nitrogen can be calculated. 


C.H, S —S8*H59. , CO, + H,O + SO, 
(from organic compound) 
№ —®®н®. (NH), SO, 


(from organic ammonium 


compound) sulphate 
Na,SO, + 2NH,; + 2H,0 
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NH, +HCl —» NH,CI 


Calculations 

Let the mass of organic compound = w g 

Volume of standard acid taken = V cm? 

Normality ofacid=N, 

Let vol. of standard alkali used for neutralisation of unused acid = V, cm? 
Nonnality of standard alkali = №, 


NV _ NV 
mae 


Let this volume of v cn? 
г. Vol. of acid used for neutralisation of ammonia 

= (V - v) em? of N} normality 
. Ammonia liberated = (V — v) cm? of N} solution 


Now, 1000 ст? of IN МН; solution contains nitrogen = 14 g 


ET 14(V - v)xN 
(V — v) em? of N; NH; solution contains nitrogen = с — 2X Ni wx lg 


1000 
| Massof nitrogen 14(V - v)xN, 100 
Percentage of nitrogen = Miass of organic compound* 100 = 7 4000 * w 
_ 14(V - V)xN, 
м 


Estimation of Halogens : 


Carius method : 

Principle : A known mass of the organic substance is heated with fuming HNO, in a Carius tube. The 
silver halide so obtained is separated, washed, dried and weighed. From the weight of silver halide 
formed, the percentage of halogen can be calculated. 

Х+А МО, э АРХ 

Halogen 

Carbon, hydrogen or sulphur present in the compound will be oxidised to CO,, H,O and H5SO, 
respectively. 

c+20 —, С O, 


2H+0 "a, H,O 


S+H,0+30 —"*: , H,SO, 
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Calculations : 

Let the mass of organic compound be w g 

Mass of silver halide formed =a g 

Now, AgX=X 

108 + X parts by weight of silver halide contains X parts by weight of halogen (X is its atomic mass) 
(108 + X) g of silver halide give halogen = X 


i а — X 
a g of silver halide will give halogen — (108 + Xj xag 


X 
Mass of halogen x 100 xa 100 


а ta = ————————-—— = 
Percentage of halogen тр OE (108 +X) а= 


Here Х is the atomic mass of halogen, e.g. 
Cl=35.5 , Br=80 (79.9 exact), 
17 127 (126.9 exact) 


Pic et ial; m Atomicmassofhalogen« Massofsilverhalide x 100 
Е ge £ (108 + At.massofhalogen) х Massoforganicsubstance 


Estimation of Sulphur 


Sulphur is estimated by Carius method. 
Principle : A known mass of the organic compound is heated with fuming HNO; ina sealed tube when 
sulphur is quantitatively converted into sulphuric acid. It is then precipitated with barium chloride as 
barium sulphate. The precipitate is filtered, washed, dried and weighed. From the weight of BaSO, 
formed, the percentage of sulphur can be calculated. The main reactions are : 
S+H,0+30 —"9: , H.SO, 
H,SO, + BaCl, —э BaSO, 
ppt. 

Calculations : 
Let the mass of organic compound = w g 
Mass of BaSO, formed =ag 
BaSO,=S 
137 + 32 +64 = 32 

= 233 
233 g of BaSO, contain sulphur = 32 g 


А Р _32 ха 
a gof BaSO, will contain sulphur = 233 £ 
M f sulph 
Percentage of sulphur = ___Massofsulphur — x 100 = 32a x 100 


Mass of organiccompound 233 w 
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SOLVED EXAMPLES 


Q.1 


Ans. 
Sol. 


Q.2 


Sol. 


Q3 


Sol. 


QA 


Sol. 


Q5 


In Lassaigne’s test when both N and S are present, blood red colour obtained is due to the 
formation of- 


(A) Ferric ferrocyanide (B) Ferric sulphocyanide 
(C) Ferric cyanide (D) None 
(B) 
3 NaCNS + FeCl, —> Fe(CNS), + 3NaCI 
(Red) 


On complete combustion, 0.246g of an organic compound gave 0.198g of carbon dioxide and 
0.1014g of water. Determine the percentage composition of carbon and hydrogen in the compound. 


12x0.198 x100 


=z ————————————— lI as 

Percentage of carbon 44x0.246 21.95 % 
1 _ 2x0.1014x100 _ А 
Percentage of hydrogen = —18x0246 4.58 96 


In duma's method for estimation of nitrogen., 0.3g of an organic compound gave 50mL of nitrogen 
collected at 300K temperature and 715 mm pressure. Calculate the percentage composition of 
nitrogen in the compound. (Aqueous tension at 300K = 15 mm) 
Volume of nitrogen collected at 300K and 715 mm pressure is 50mL 
Actual pressure = 715-15 = 700 mm 
273x700x50 . 41.9 mL 
300 x 760 
22,400 mL of N, at STP weight = 28g 


Volume of nitrogen at STP = 


2841.9 


41.9 mL of nitrogen weights = 722400 © 


28х41.9х100 — 


Percentage of nitrogen = 22400 «0.3 


During estimation of nitrogen present in an organic compound by Kjeldahl's method, the ammonia 
evolved from 0.5 g of the compound in Kjeldahl's estimation of nitrogen, neutralized 10 mL of 
| M H,SO,. Find outthe percentage of nitrogen in the compound. 


1 M of 10 mL H5SO, = 1M of 20mL NH, 1000 mL of IM ammonia contains 14 g nitrogen 
20 mL of 1M ammonia contains 11220 g nitrogen 


14x20x 100 
1 = дады ЫН °/ 
Percentage of nitrogen = ос = 56.0% 


In Carius method of estimation of halogen, 0.15 g of an organic compound gave 0.12 g of AgBr. 
Find out the percentage of bromine in the compound. 


14 
Sol. 


Q.6 


Sol. 


Q.7 


Sol. 


Q.8 


Ans. 
Sol. 


Q.9 


Ans. 
Sol. 


Molar mass of AgBr = 108 + 80 = 188 g тог! 
188 g AgBr contains 80 g bromine 


80x0.12 
188 
80x0.12 «100 


X i = — z= 4 9 
Percentage of bromine 188x0.15 34.04 % 


0.12 g AgBr contains g bromine 


In sulphur estimation, 0.157 g of an organic compound gave 0.4813 g of barium sulphate. What 
is the percentage of sulphur in the compound? 


Molecular mass of BaSO, = 137 + 32 + 64 
= 233g 
233 g BaSO, contains 32 g sulphur 


0.4813 g BaSO, contains a g sulphur 


32x 0.4813 x 100 
т =s i 4 o 
Percentage of sulphur 233x0.157 2.10 96 


In Lassaigne's test for nitrogen, the blue colour is due to the formation of- 

(A) Ferric ferrocyanide 

(B) Potassium ferrocyanide 

(C) Sodium ferrocyanide 

(D) Sodium cyanide 

(A) 

In Lassaigne's test substance is heated strongly with sodium metal then water extract is boilded 


with alkaline FeSO, solution and after cooling FeCl, solution and excess of HCI is added in it. 
If prussian blue or green ppt. is obtained then Nitrogen is confirmed- 


Na + C + М —> NaCN 

FeSO, + 2NaOH —— Fe(OH), + Na,SO, 

6NaCN + Fe(OH), —9 Na,[Fe(CN),] + 2NaOH 

3Na,[Fe(CN),] + 4FeCl —> Fe,[Fe(CN),], + 12NaCl 

sodium ferrocyanide prussian blue or green 
(ferric ferrocyanide) 


In sodium fusion test of organic compounds, the nitrogen of an organic compound is converted to- 
(A) Sodamide (B) Sodium cyanide (C) Sodium nitrite (D) Sodium nitrate 

(B) 

Na + C + N —%*, NaCN 


A compound which does not give a positive test in the Lassaigne's test for ‘N’ is- 
(A) Glycine (B) Phenyl hydrazine (C) Urea (D) Azobenzene 
(D) 


Azobenzene does not give positive test in Lassaigne `$ test for N. 


Q.13 


Sol. 


15 


Liebig method is used for the estimation of- 

(A) Nitrogen (B) Sulphur 
(C) Carbon and Hydrogen (D) Halogens 
(С) 


Liebig method is used for the estimation of carbon and hydrogen. 


The quantitative determination of halogen in an organic compound is known as- 
(A) Dumas method (B) Carius method (C) Kjeldahl method (D) Leibig method 
(B) 


The quantitative determination of halogen in an organic compound is called as carius method. 


0.2475g of an organic compound gave on combustion 0.4950g of carbon dioxide and 0.2025 g 
of water. The percentage of carbon and hydrogen are- 
(A) 54.54, 9.09 (B) 52.54, 8.09 (C) 120, 5.8 (D) None 
(A) 
Wt. of organic compound = 0.2475 р 
Wt. of CO, produced = 0.4950 р 
Wt. of H,O produced = 0.2025 р 
Percentage of carbon 


92 „Жей ae 
= 44 ^ Wtof compound х 


12 04950 
44 0.2475 
Percentage of hydrogen 
_ 29 Wt of H,0 
= 18 “ Wt of compound 
2 0.2025 


= 18 x 72475 х 100 = 9.09 


х 100 = 54.54 


х 100 


0.257 g of an organic substance was heated with conc H,SO, and then distilled with excess of 
strong alkali. The ammonia gas evolved was absorbed in 50 ml of N/10 HCI which required 23.2 
ml of N/10 NaOH for neutralisation at the end of the process. The percentage of nitrogen in the 
compound is- 

(A) 14.6 (B) 18.0 (C) 17.0 (D) 15.5 

(A) 


Volume of х НСІ taken = 501 


Volume of x NaOH used for neutralisation of unused acid = 23.2 ml 


Now N, V,(NaOH) = N,V,(HCI) 


23.2 ml of = NaOH = 23.2 ml of os НСІ 
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Q.14 


Ans. 


Sol. 


Q.15 


Ans. 


Sol. 


Q.16 


Ans. 


Sol. 


2. Volume of 4^ HCl unused = 23.2 ml 
7. Volume of N/10 НСІ required for neutralization of NH, = 50 - 23.2 = 26.8 ml 


26.8 ml of D: НСІ = 26.8 ml of N/10 NH, 


1000 ml of IN NH, solution contains nitrogen = 14 g 
1 ы У Р _ 14 x268 
26.8 ml of NH, solution contains nitrogen — 10 x 1000 


14 x 268 x 100 
10 x 1000 x 0257 


Percentage of nitrogen = = 14.6% 


0.395 g of an organic compound by Carius method for the estimiation of sulphur gave 0.582 g of 
BaSO,. The percentage of sulphur in the compound is- 


(A) 20.24 (B) 35 (C) 40 (D) 45 
(A) 
Mass BaSO, = 0.582 g 
We know BaSO, = S 
233 32 


233 g of BaSO, contain sulphur = 32 g 


| _ 32 
0.582 р of BaSO, contains sulphur = 233 * 0.582 


Percentage of sulphur 


Wt. of sulphur 32 x 0.582 


= Wt of compound * 100 = 233х0395 x 100 = 20.24 % 


Liquid which decompose below their normal boiling points can be distilled at lower temperature 
by- 


(A) Increasing the pressure (B) Decreasing the pressure 
(C) Heating in water bath (D) Heating in sand bath 
(B) 


B.pt. gets lowered at low pressure. 


A bottle containing two immiscible liquids is given to you. They may be separated by using- 


(A) Fractionating coloumn (В) Separating funnel 
(C) Vacuum distillation (D) Steam distillation 
(B) 


Being immiscible liquids, they form different layers. 
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ENVIRONMENTAL CHEMISTRY 


INTRODUCTION 


(i) Pollution may be defined as any undesirable change in the physical, chemical or biological 
characteristics of air, water and soil which may cause any harm to man and other living organisms 
of the environment. 


Types of pollutants 

The agents causing pollution are termed as pollutants. 

On the basis of form of their occurence, pollutants are divided into two categories. 

(i) Primary pollutants — These are present in the same form in which they are produced. eg. carbon 
monoxide, DDT 


(u) Secondary pollutants — These are formed by reaction between the primary pollutants in the 
presence of sunlight eg. PAN, Ozone, HNO, H,SO, etc. Nitrogen oxides and hydrocarbons react 
photochemically to produce peroxyacetyl nitrates (PAN) and ozone. 


The secondary pollutants may be more toxic than the primary once. The phenomenon is called 
synergism. 


On the basis of their degradation, pollutants are divided into two categories. 

(i) Biodegradable Pollutants — Pollutants which are decomposed or degraded by biological or 
microbial action are called biodegradable pollutants eg. domestic sewage. 

(ii) Non-biodegradable Pollutants — Pollutants which are not decomposed or degraded by living 
organisms or micro organisms are are called non-biodegradable pollutants eg. DDT, glass, plastics, 
aluminium cans, phenolic compounds, pesticides, radioactive substances, heavy metals like 
mercury, lead, cadmium etc. 


On the basis of their existance in nature, pollutants are divided into two categories. 


(i) Quantitative pollutants — These are naturally present in nature and are also added by man. These 
become pollutants only when their concentration reaches beyond a threshold value in the 
environment. eg. CO). 


(ii) Qualitative pollutants — These are not present in the nature but are added in nature only due to 
human activities eg. insecticides, fungicides, herbicides etc. 


KINDS OF POLLUTION 


On the basis of environmental study pollution is of following types. 
Air pollution 

Water pollution 

Soil pollution 

Noise pollution 

Radioactive pollution 
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Air pollution — 


(i) 


(ii) 


(ш) 
(iv) 


It is mainly caused by industries and automobiles. Automobiles are the greatest pollutior of the 
atmosphere and are responsible for 75% of noise pollution and about 60-80% of air pollution 
of big cities. 

The combustion of fossil fuels (coal, oil, gas etc.) releases CO, CO,, nitrogen oxides, fluorides, 
hydrocarbons etc. into atmosphere usually in the form of smoke causing air pollution. 
Particulate matters released by mills, factories and mines also cause air pollution. 

Some of the natural air pollutants are pollen grains, spores, volcanoes etc. 


MAJOR AIR POLLUTANTS 


Carbon monoxide — 


(i) 


It is formed by incomplete combustion of fuels in various industries, automobiles etc. 


(ii) CO accounts for about 50% of total air pollution. It is largest pollutant in Delhi's air. 

(ш) СО combines with haemoglobin, produces carboxyhaemoglobin and therefore decreases oxygen 
carrying capacity leading to hypoxia, headache, decreased vision, muscular weakness, nausea, 
exhaustion etc. 

(iv) Меп 50% of haemoglobin has been transformed into carboxyhaemoglobin, then death occurs due 
to CO-poisoning leading to anoxia (oxygen starvation) 

Carbon dioxide — 

(i) It is a green house gas. It is produced due to combustion of fuels, volcanic eruptions and during 
the process of respiration. 

(ii) Its average concentration in the atmosphere is 300 ppm (0.03%) . 

(ш) Itis normally not an atmospheric pollutants, but under very high concentration it may act as a 
pollutant. 

(iv) It causes Global warming . 


Sulphur dioxide (SO,) — 


(i) It is produced during combustion of fossil fuels (mainly coal) and smelting of sulphur containing 
ores. 

(1) It causes acid rain (gaseous SO, oxidises to SO,, which on combination with water forms H5SO,). 

(ш) Acid rain is 60-70% due to SO, and SO,, and 30-40% due to NO, and МО,. 

(iv) | Due to acid rain the leaves develop chlorotic and necrotic spots. 

(v) SO, corrodes stones, metals, leather, paper and fabrics. There is deterioration of colour and 
lusture of fabrics, stones and painted surfaces. 

Hydrocarbons — 

(i) They are produced naturally (e.g. marsh gas CH,) and by burning of petroleum. 

(ii) Benzene (C,H,) is a major constituent of petrol and automobile exhaust. 

(ш) ^ Hydrocarbons are carcinogenic, cause irritation of eyes and mucous membrane. 

(iv) Benzene is a known carcinogen causing leukemia. 


(у) 


(м) 
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Ethylene (C,H) causes premature senescence and abscission іп many plants especially in orchids 
and cotton, 
Methane (marsh gas) has the potential of destroy ozone. 


Nitrogen oxides — 


{i) There are three oxides of nitrogen which act as air pollutants : Nitric oxide (NO), nitrogen dioxide 
(NO,) and nitrogen trioxide. 

(1) Nitrogen and oxygen combine together at high temperature in any combustion process to produce 
nitrogen oxides. 

(ш) ^ These are also released by furnaces, forest fires, industries and denitrifying bacteria. 

(iv) МО is less toxic but NO, is a poisonous gas. 

(v) Nitrogen oxides are responsible for forming photochemical smog. 

Fluorides — 

() Fluorides are emitted during refinement of aluminium and rock phosphates . 

(ii) Fluorides cause necrosis and chlorosis of leaf tips and leaf margins. 

(ш) In human fluorides cause mottling of teeth, weak bones, boat-shaped posture, knocking knees 
ete. 

(iv) Disease caused by fluoride is known as fluorosis. 


Particulate matter — 


{i) It is the non-gascous matter in the atmosphere. 

(ii) It consists of soot, dust, mist, fibres, fly ash, fur, spores, pollen grains etc. 

(ш) Itis of two types settleable (larger than 10 ит) and suspended (less than 10pm) 

(i) | SPM (suspended particulate matter) is classified into 3 categories — 
(a) Aerosols (less than 1 ит) 
(b) Dust (solid particles with more than 1 um diameter) 
(c) Mist (liquid particles with more than | uim diameter) 

(v) It is added in the atmosphere by buming of fuels. 

Aerosols — 

() These are chemicals released in the air with force in the form of mist or vapour by jet planes. 

(ii) Aerosols contain CFC (chlorofluorocarbons) which destroy ozone layer in the stratosphere. This 
permitting some more harmful 

(ш) U.V. radiations to reach the earth surface, U.V. radiations cause skin cancer and increases mutation 
rates. 

(ivy Ozone acts as preventive shield against the U.V. rays. 

(у) Freons are several CFMS (chlorofluoromethanes) released into troposphere where they dissociates 
and release free chlorine that causes depletion of ozone. 

(d) Freon or CFC also used in refrigerator, air conditioners and in making plastic foams. 


Effect of air pollutants — Air pollutants are involved in causing four major environmental effects : 


(i) Smog (ii) acid rain 
(iii) global warming and (iv) ozone layer depletion. 
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Smog — 


(i) 

(i) 
(iii) 
(iv) 


The term smog was coined by Des Voeux. 

It is produced by the combination of smoke and fog. 

It causes silvering/glazing and necrosis in plants, allergies and asthma/bronchitis in human. 
Smog is of two types : 

(a) Classical or London smog or sulphurous smog — It occurs at low temperature and contains 
H-S, SO,, smoke and dust particles. It was first observed in winter months at London in 1905. 
It is formed due to domestic and industrial combustion of coal. 

(b) Photochemical smog or Los Angeles smog — It was first observed in the mid day at Los 
Angeles in 1943. The cause of this smog was thought to be due to combustion of petroleum in 
automobiles. 

Photo chemical smog occurs at high temperature over cities and towns. It is formed by the reaction 
of two air pollutants nitrogen oxides (mainly NO,) and hydrocarbons (HC) that react with one 
another in the presence of UV radiations of sunlight to produce ozone (O4) and PAN (peroxy 
acetyl nitrate) which constitute the photochemical smog. 


Nitrogen oxides + Hydrocarbons —: PAN + Ozone 


Ozone and PAN are commonly referred to as oxidants. 


Breathing ozone affects the respiratory and nervous system, resulting in headache, respiratory 
distress and exhaustion. It also causes irritation in eyes and asthma. The ozone is known to destroy 
crops of potato, alfalfa and spinach to the extent of 50%. It also damages leaves of tobacco, 
tomato and pine as also the grap fruits. Besides, the PAN also blocks Hill reaction of photosynthesis. 


Acid rain — 


() 
(1) 
(iii) 


(iv) 
(у) 
(vi) 


(vii) 


(viii) 


The coal and оп burned by power plants release SO, into the air. 

Automobile exhaust puts NO, in the air. 

Both SO, and NO, are converted to acids ( H SO, and HNO, respectively) when they combine 
with water vapour in the presence of O, in the atmosphere. These acids return to the earth as 
acid rain. 


(A) NO+0, NO, + 0, 
NO,+0, — МО, +0, 
NO, + NO, — ————— №0, 
N30, + HO 2HNO, 


(B) 250, + О, —Neseno Mesin , 280, 

The pure rain has a pH of about 5.6 while the acid rain has pH below 5.6. 

Acid rain is actually a mixture of H SO, and HNO, ( usually 60-70% H,SO, and 30-40% HNO) 
Acid rain affects the ability of the trees to tolerate cold temperatures and the weakened trees are 
killed by cold conditions or become more susceptible to diseases. 


Acid rain leaches lead, mercury and calcium, from the soils and rocks and discharges them into 
rivers and lakes. The metals may become concentrated in fish and then passed on to people 
through food chain. 


Acid rain also damages building materials, including stecl, paint, plastics, cement and marble. 
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Green house effect and Global warming — 

(1) The sunlight that reaches to the earth, warms both atmosphere and the earth surface. The earth's 
atmospheric system then radiates the heat as infra-red radiations. 

(ii) Gases like CO, , CH,, CFCs, NO, are strong absorbers of long-wave or infra-red radiations 
emitted by the surface of the earth, and warm the earth's atmosphere. This is called the green 
house effect because it is like the glass panel of a green house that allows sunlight to pass through 
and then traps the resulting heat inside the structure. 

(ш) СО, in the principal green house gas responsible for warming of the earth. 


(iv) СО, is rising into the atmosphere slowly as a result of large scale burning of fossil fuels (coal, oil 
etc), volcanic activities and respiration 


(v) 50% of the increase in earth's temperature in due to CO,, 20% is due to CFCs and remaining 30% 
is due to other gases. 


Ozone layer depletion — 


(1) The ozone layer present in the stratosphere acts as an ultraviolet absorbant thus protecting the earth 
from its harmful effect. 


(ii) Depletion/destruction of ozone layer is primarily caused by CFCs (Chlorofluoro carbons) and 
halons(halocarbons C,F, Br, ) 

(ш) CFCs are heat transfer agents used in refrigerators, air conditioners, fire extinguishers. 

(iv) Наіопѕ are antifire agents used in fire extinguishes . 


(v) The CFCs react with ozone and thus cause thining of ozone layer which permits more UV radiations 
to reach the surface of carth. 


WATER POLLUTION 


Water pollution is defined as the addition of some substances (organic, inorganic , biological, radio 
logical) or factor (eg. heat) which degrades the quality of water so that, it either becomes health 
hazard or unfit for use. 


Kinds of water pollution — 
The water pollution may be physical, chemical or biological. 

(a) Physical pollution — It involves the changes in the physical properties of water eg. colour, taste, 

adour, temperature, turbidity etc. 

(b Chemical pollution — It is caused due to change in the chemical properties of water. They mainly 
include the pH, dissolved O,, inorganic or organic chemicals, heavy metals etc. 
Inorganic chemicals include fluorides, chlorides, phosphates and nitrates. Organic chemicals include 
phenols, dyes, pesticides and chlorocompounds. 

(c) Biological pollution — It is caused due to the presence of living organisms in water such as algae, 
fungi, bacteria, viruses, protozoans, insects etc. 


Sources of water pollution and effects of water pollutants — 


Water pollution is a serious health hazards in India, especially in villages. It is estimated that 50- 
60% of Indian population suffers from diseases caused by it. 30-40% of all deaths are believed to be 
due to it. 
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The principal sources of water pollution and effects of water pollutants are as follows. 


Domestic wastes and sewage 


(i) 

(ii) 
(ш) 
(iv) 


(v) 


Sewage containing human faeces, urine, kitchen and cloth washings, organic waste, industrial waste 

etc. is usually poured into water bodies which cause water pollution. 

The villagers often wash their animals, cloths and take bath in the same pond. Such water get 

contaminated with infectious agents for cholera, typhoid, dysentery, Jaundice and skin diseases. 

Sewage provide food for decomposers, so the population of decomposers increases. 
Decomposers/microorganisms causing decomposition of sewage take up most of the oxygen present 

dissolved in water. So in this water BOD (Biological oxygen demand or Biochemical oxygen 

demand) increased very much. 

BOD is the amount of oxygen in milligrams required by microorganisms for five days to metabolise 
waste present in опе litre of water at 20°C . 


Industrial effluents (or industrial discharges) 


(a) 
@) 
(ii) 


(ш) 


(iv) 
(v) 


(b) 
(i) 


(ш) 
(ш) 
(iv) 
(v) 


(c) 


() 


(ш) 
(ш) 


Industries usually discharge waste water into ponds, lakes and rivers. Industrial waste water 
contains heavy metals (mercury, lead, copper, arsenic and cadmium), inorganic pollutants (acids, 
alkalies and bleaching liquors), organic pollutants (phenol, naphtha, proteins, aromatic compounds, 
cellulose fibres etc.) Industrial effluents are the most hazardous pollutants on land and water. 
Mercury (Hg) - 

It is released during combustion of coal, smelting of metallic ores, paper and paint industries. 


Mercury is highly persistent , In water it gets changed into water soluble dimethyl form [(CH;),Hg 
and enters the food chain (undergoes biomagnification). 

It kills fish and poisons the remaining fauna. Human beings feeding on such poisoned animals 
develop a crippling deformity called minamata disease which is characterised by impairment of 
various senses, diarrhoea, haemolysis, meningitis and death. 

The minimata disease was first detected in Japan. 

Mercury inhibits chromosomal disjunction during gamete formation. So it brings about genetic 
changes also. 


Lead (Pb) – 

The sources of lead pollution are smelters, battery industry, paint, chemical and pesticide industry, 
automobiles exhausts etc. 

Lead is pollutant of air, soil and water. 

It is used as anti-knock reagent in petrol and released by automobile exhausts. 

Lead is a persistant pollutant and may show biological amplification or biomagnification. 


It is a mutagenic and causes anemia, headache, vomitting, colic, loss of muscle power, bluish lines 
around the gums, loss of appetite and damage of liver, kidney and brain. 


Cadmium (Cd) - 


It is added to the environment by metal industries, welding and electroplating, pesticides and 
phosphate industries. 


Cd shows biological amplification and accumulates inside kidneys, liver, pancreas and spleen. 
It causes hypertension, anemia, diarrhoea and damages liver and kidneys. 


(ш) 
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During extraction and transportation of oil from the sea to different parts, some of the oil spreads 
over the surface of water. Refineries also discharge a lot of oil present in their effluents into rivers. 
Oil spreading on the surface of water prevents its oxygenation and inhibits photosynthetic activity 
of aquatic plants. Animal life is destroyed due to reduced availability of oxygen , food and toxic 
effects of oil. 

Oil spilled over the surface of water may catch fire and hence kill all organic life. 


Thermal pollution 


(i) 
(i) 


(ш) 


(iv) 
(v) 


Hot water is produced by many industries , power generation plants and thermal power plants. 


Thermal pollution is caused by addition of hot water effluents in water bodies, it bring about rise 
in water temperature. 


Warmer water contains less oxygen. Therefore, there is decrease in the rate of decomposition of 
organic matter. 

In hot water green algae are replaced by less desirable blue green algae. 

Many organisms fail to reproduce in hot water e.g. Salmon, Trout. 


SOIL POLLUTION 


(i) 
(i) 


Unfavourable alteration of soil by addition or removal of substances and factors which decrease 
soil productivity, quality of plant products and ground water is called soil pollution. 

The soil pollutants include pesticides, fertilizers, industrial wastes, salts, radio-nuclids , tin, iron, 
lead, copper, mercury, aluminium, plastics, paper, glass, broken bottles, discarded food etc. 


Types of Soil pollution 


Soil pollution is of two main tyes 
Negative soil pollution 
Positive soil pollution 


Negative soil pollution — 


(1) 

(ii) 
(ui) 
(iv) 


It includes over use of soil and erosion . 

Soil erosion is caused by water and wind. 

Water erosion of soil is found near the hills where high speed flooding removes top soil. 
Soil erosion also occurs by high speed winds which bring sand particles from dry desert. 


Positive soil pollution — It is caused by addition of undesirable substances (eg. pesticides, 
fertilizers, industrial waste, air pollutant washed down from atmosphere through rain) 

Pesticides — 

These include insecticides (kill insects), fungicides (kill fungi), algicides (kill algal 
blooms), weedicides or herbicides (kill weeds), rodenticides (kill rodents). 

Pesticides are generally broad-spectrum and affect other animals, man and even plants. They are 
hence, also called biocides. 

DDT (dichloro diphenyl trichloroethane), BHC (benzene hexachloride or gamaxine), aldrin, dieldrin, 
endrin, heptachlor etc, are chlorinated hydrocarbons used as pesticides. 


(iv) 


(v) 


(B) 
G) 


(ii) 


(ш) 


(С) 
(0 


(ii) 
(iii) 
(iv) 


Dieldrin is five times more toxic than DDT when ingested and 40 times more poisonous when 
absorbed. 


Endrin in the most toxic amongst chlorinated hydrocarbons. 


Fertilizers — 

The fertilizers contain plant nutrients particularly N,P and К , but the soil also gets polluted mainly 
due to organic pollutants present as impurities, 

Excessive use of fertilizers cause soil deterioration through decrease of natural microflora ( nitrogen 
fixing, nitrifying bacteria) 

Fertilizers added to soil enter the crop plants. Nitrogen fertilizers produce toxic concentration of 
nitrate in the leaves and fruits. When these leaves and fruits are eaten, nitrates changed into 
nitrites by the activity of bacteria in the alimentary canal. The nitrites enter the blood and combine 
with haemoglobin to form methaemoglobin. As a result oxygen transport is reduced. It gives rise 
to disease known as methaemoglobinaemia. In infants it produces cyanosis (blue baby syndrome) 


Industrial wastes — 

Wastes of the industries are dumped over the soil. They contain a number of toxic substances 
including cyanides, acids, chromates, alkalies and metals like mercury, copper, zinc, lead, cadmium 
etc. 

The industrial pollutants increase the toxicity level of the soil. 

Heavy metals destroy useful micro organisms of the soil. 


In 1970 some 200 people died in Japan by Cd pollution of soil due to itai-itai disease. 


NOISE POLLUTION 


() 
(ш) 


(iii) 
(iv) 
(v) 


Various kinds of undesirable loud sounds, which disturb our environment are called noise pollutants. 
Noise pollution is produced by loud sounds of various machines, loudly played radio, automobiles, 
thundering of jet planes, loud speakers etc. 

The intensity of noise is measured in decibels (or dB). 

The sound above 80 dB causes noise pollution. 


Moderate conversation produces 60 dB sound, loud conversation 70dB. 
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SOLVED EXAMPLES 


Eutrophication causes reduction in- 


(A) Dissolved salts (B) Dissolved hydrogen 
(C) Dissolved oxygen (D) All the above 

(C) 

Dissolved oxygen 


The smog is essentially caused by the presence of 
(A) O, and O, 

(B) Oxides of sulphur and nitrogen 

(C) О, and №, 

(D) О; and №, 

(B) 

Oxides of sulphur and nitrogen 


Which are quantitative pollutants out of the following 

(A) CO, (B) P40; (C) N50; (D) NO, 

(A) 

CO, become pollutants only when their concentration reaches beyond a threshold value in the 
environment. 


Which are secondary pollutants in the following 
(А) Oi (B) СО, (C) CO (D) Cl, 
(A) 


These are formed by reaction between primary pollutants in the presence of sunlight. 


Which have Non-biodegradable pollutants in the following 
(A) DDT (B) Domestic sweage (C) CO, (D) NO, 
(A) 


Pollutants which are not decomposed or degraded by living organisms or micro-organism. 
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REDOX REACTIONS 


A chemical reaction is a process that leads to the transformation of one set of chemical substances 
to another substance. Classically, chemical reactions encompass changes that strictly involve the motion 
of electron in the forming and breaking of chemical bonds. The concept of electron transfer can easily 
explain in the redox reactions in the case of ionic substances. However, for covalent compounds we 
use a new term oxidation number to explain oxidation and reduction or redox reactions. Redox reactions 
are the chemical reactions which involve both oxidation as well as reduction simultaneously. In fact, 
oxidation and reduction go hand in hand. 


OXIDATION AND REDUCTION 


Classical Concept : 


(A) 


(B) 


Oxidation 

(i) Oxidation is a chemical reaction in which oxygen is added 
2HNO, * O; —2HNO,: 2CH,CHO * O,—9 2CH,COOH 

(ii) Hydrogen is removed i.e. hydrogen becomes less 


Zn*2HCl —>ZnCl, +H,; Cu+4HNO, —>Cu(NO,), * 2NO, *2H,O 
(ш)  Electronegative element is added 


2FeCl, * Cl, —92FeCl,; 2Sb+3Cl, —?2SbCI, 
(iv) X Electropositive element is removed 
2Nal *H,O, ——»2NaOH*1,; 


Reduction 
(i) Addition of Hydrogen. 
H, + Cl, —> 2HCI , N,+ 3H, —› 2NH, 
(ii) Loss of Oxygen. 
Fe,O, + 2Al —— 2Fe + АО, Cr,O, + 2Al — 2Cr + ALO, 
(iii) ^ Addition of clectropositive element. 
2HgCl, + SnCl, —› Hg,Cl, + SnCl, CuCl, + Cu —> Cu,Cl, 
(iv) 1.0555 of electronegative element. 
2FeCl, + Н, —— 2FeCl, + 2HCI PbS +H, —› Pb+H,S 
(v) Valency of electropositive element decreases. 
CuSO, *Fe —FeSO, + Cu 
(Cu?) (Cu?) 
FeCl, +H,S——>FeCl, *2HCI* S 
(Fe?) (Fe") 


Modern Concept : 


(A) 


Oxidation 
The reaction in which an element or an atom or an ion or molecule loses electron(s) is called oxidation. 
Illustrative examples in various cases are given below. 


(i) Neutral atom : When a neutral atom loses electron(s), it gets converted to a positive ion. 
Na — Nat + e 
Al ——» AI? + 3e 
(ii) Cation : When a cation loses electron(s), there is an increase in its positive charge. 
Sn" > Ѕа“ + 2е- 
Hg" ——, Не? + е 
Gii) Anion : When an anion loses electron(s) equal to its negative charge, it gets converted to a 
neutral atom. 
20? —э О, + 4e 
2N* —> N, + бе 
(iv) Complex Anion : When a complex anion loses electron(s), its negative charge decreases. 
[Fe(CN),]* — [Fe(CN),]? + e 
(v) Molecule : When a molecule loses electron(s), it breaks up into it constituents. 
H,O, — 2IT' + O, + 2e 


Note : /n oxidation reactions — Positive charge increases and negative charge decreases. 


(B) Reduction 
The reaction in which an element or an atom or an ion (positive or negative) or a molecule accepts 
electron(s), is called reduction. Illustrative examples in various cases are given below. 


(i) Neutral Atom : When a neutral element or atom accepts electron(s), it get converted into an 
anion. 
N + Зе — N? S + 2e —À S? 


(ii) ^ Cation: When a cation accepts electron(s) equal to its charge, it gets converted into a neutral 
atom. 
Mg? + 2е- — Mg AI? + Зе ——» AP 

(iii) ^ Similarly, when a cation accepts electron(s) than, its positive charge decreases. For example 
Cu? + ec —p Си" Fe? + е > Ре? 

(iv) Anion: When an anion accepts electron(s), its negative charge increases. 
MnO,” +e ——› MnO,? 
[Fe(CN),]^ + e ——» [Fe(CN),]* 


(v) Molecule : When a molecule accepts electron(s), it is a reduction reaction. 
О, + 4e — >» 20° L + 2e —— 21 


Note : /n reduction reactions— Positive charge decreases and negative charge increases. 


BASIC TERMS 


(1) Molecular equations : When the reactants and products involved in a chemical change are written 
in molecular forms in the chemical equation, it is termed as molecular equation. 


(2) 


(3) 


(4) 


(5) 


Example : MnO, +4HCI— MnCl, + 2H,O «CI, 


In above example the reactants and products have been written in molecular forms, thus the equation 
is termed as molecular equation. 


Ionic equations : When the reactants and products involved in a chemical change are ionic compounds, 
these will be present in the form of ions in the solution. The chemical change is written in ionic forms 
in chemical equation, it is termed as ionic equation. Example, 


MnO, +4H*+4Cl — Mn +2Cr + 2Н,0 «CI, 


In above example the reactants and products have been written in ionic forms, thus the equation is 
termed as ionic equation. 


Spectator lons : Species that are present in the solution but not take part in the reaction and are 
also omitted while writing the net ionic reaction are called spectator ions or bystander ions. 

Zn + 2H* + 2C — Zn" + 2Cr + H, 
In this reaction ions are omitted and are called as spectator ions and appear on the reactant as well 
as product side. 


Oxidising agent : The substance (atom, ion or molecule) that gains electrons and is thereby reduced 
to a low valency state is called an oxidising agent. 


Reducing agent : The substance that loses electrons and is thereby oxidised to a higher valency state 
is called a reducing agent. 


TYPES OF REDOX REACTIONS 


(1) 


(2) 


(3) 


Direct and Indirect redox reactions : 
Direct redox reaction : When both oxidation and reduction reactions occurs in same vessel 
Indirect Redox reaction : When oxidation and reduction reactions occur in different vessels. 


Inter molecular redox reactions 
Two substances react one of them is oxidant and other is reductant. 
Zn (5) + CuSO, (aq) > ZnSO, (aq) + Cu(s) 


Oxidation Zn (s) > Zn"? (aq) + 2e. 


Reduction Cu? (aq) + 2e ——— Cu(s) 


Intra-molecular redox reactions 
One clement of a compound is oxidised and other element of the same compound is reduced. 


Oxidation 2N?- ——» (№), + 6e^ 


Reduction (Сг'®), + бе —— (Сг'?), 


(4) 


(5) 


Disproportionation 


One and the same substance may act simultaneously as an oxidising agent and as a reducing agent 
with the result that a part of it gets oxidised to a higher state and rest of it is reduced to lower state 
of oxidation. Such a reaction, in which a substance undergoes simultaneous oxidation and reduction 
is called disproportionation and the substance is said to disproportionate. 


Following are the some examples of disproportionation, 


increase 
a 0 decrease 
Н.О, + HOO, = НО + O, +5 +7 4 
(1) | (2)  4KCIO, > ЗКСЮ, + KCI 
-1 -2 Кы ^ 
increas 
decrease ^d 
decrease decrease 


0 Ho 8-3 0 =~ +5 
(3)  4P+3NaOH «3H 3NaH,PO. PH, (4) 3С, + 6Хаон —> 5 NaCl исо, +3H.O 
ee | : 


increase increase 


Comproportionation reaction 

NH,NO, —> N,+ 2H,0 
Nitrogen in this compound has —3 and + 3 oxidation number so it is not a definite value, so its nota 
disproportion reaction. It is an example of comproportionation reaction which is a case of redox reaction 
in which a element from two different oxidation state gets converted into a single oxidation state. 


OXIDISERS AND REDUCERS 


Oxidizers 


() 


(i) 


(ш) 
(iv) 


Substances that have the ability to oxidize other substances are said to be oxidative oroxidizing and are 
known as oxidizing agents, oxidants, or oxidizers. Put another way, the oxidant (oxidizing agent) removes 
electrons from another substance; i.e., it oxidizes other substances, and is thus itself reduced. And, 
because it "accepts" electrons, it is also called an electron acceptor. 

Oxidants are usually chemical elements or substances with elements in high oxidation states 


Important oxidising agents 

Molecules made up of electronegative elements. 

Example : O,, O, and X, (halogens). 

Compounds containing an element which is in the highest oxidation state. 


Example : KMnO,,K,Cr,0,, Na,Cr,O,, CrO, H.SO,, 
HNO,, NaNO,, FeCl,, HgCl,, KCIO,, SO,, CO, H,O, etc. 
Oxides of elements, MgO,CuO, CrO, CO., P,O o, etc. 


Fluorine is the strongest oxidising agent. 


Reducers 

Substances that have the ability to reduce other substances are said to be reductive or reducing and are 
known as reducing agents,reductants, or reducers, The reductant (reducing agent) transfers electrons to 
another substance; i.e., it reduces others, and is thus itself oxidized. And, because it "donates" electrons, 
it is also called an electron donor. Electron donors can also form charge transfer complexeswith electron 
acceptors. 


(i) 


(ii) 


(ui) 


(iv) 


(у) 


Important reducing agents 

(i) All metals e.g. Na, Zn, Fe, Al, etc. 

(ii) A few non-metals e.g. С, H,, S etc. 

(iii) Hydracids : НСІ, HBr, НІ, H.S etc. 

(iv) A few compounds containing an element in the lower oxidation state (ous). 

Example : FeCl,, FeSO,, SnCl,, Hg,Cl,, Cu,O etc. 

(v) Metallic hydrides e.g. NaH, LiH etc. 

(vi) Organic compounds like HCOOH and (COOH), and their salts, aldehydes, alkanes etc. 
(vii) Lithium is the strongest reducing agent in solution. 

(viii) Cesium is the strongest reducing agent in absence of water. 


Substances which act as oxidising as well as reducing agents 
Examples : H,O,,SO,,H,SO,,HNO,,NaNO,,Na,SO,,O, etc. 


Tips for the identification of oxidising and reducing agents 
If an element is in its highest possible oxidation state in a compound, the compound can function as 
an oxidising agent. 


Example: KMnO,, K,Cr,O,, HNO,, H,SO,, HCIO, etc. 


If an element is in its lowest possible oxidation state in a compound, the compound can function only 
as a reducing agent. 


Example : H,S, Н,С,О,, FeSO,, Na,S,0,, SnCl, etc. 


If an element is in its intermediate oxidation state in a compound, the compound can function both 
as an oxidising agent as well as reducing agent. 


Example : H,O,, H,SO,, HNO,, SO, etc. 


If a highly electronegative element is in its highest oxidation state in a compound, that compound can 
function as a powerful oxidising agent. 


Example : KCIO,, KCIO,, KBrO,, KIO, etc. 


If an electronegative element is in its lowest possible oxidation state in a compound or in free state, 
it can function as a powerful reducing agent. 


Example: I", Br, N°” etc. 


Illustration 
1. Which of the following acts as both oxidant and reductant — 
(A) HNO, (B) HNO, 
(C) Both HNO, & HNO, (D) Neither HNO, nor HNO, 
Ans. B 
Sol O.N. of N in HNO, is + 3 
Мах. О.М. of N is + 5 
Min. O.N. of N is — 3 
Thus O.N. of N in HNO, can show an increase or decrease as the case may be. That is why 
HNO, acts as oxidant and reductant both. 
O.N. of N in HNO, is + 5, Hence it can act only as an oxidant. 
Exercise 
1. State which of the following reactions is neither oxidation nor reduction — 
(A) Na — NaOH (B) Cl, > СГ + СЮТ, 
(C) P0, — H,P,0, (D) Zn + H,SO, —> ZnSO, + Н, 
Ans С 


OXIDATION NUMBER (O.N.) 


Definition : 

Oxidation number of an element in a particular compound represents the number of electrons lost or 
gained by an element during its change from free state into that compound or Oxidation number of 
an element in a particular compound represents the extent of oxidation or reduction of an element during 
its change from free state into that compound. 


Oxidation number is given positive sign if electrons are lost. Oxidation number is given negative sign 
if electrons are gained. Oxidation number represents real charge in case of ionic compounds, however, 
in covalent compounds it represents for imaginary charge. 


Rule for deriving Oxidation Number 


1. 


Following arbitrary rules have been adopted to derive Oxidation Number of elements on the basis 
of periodic properties of elements. 
In uncombined state or free state, Oxidation Number of an element is zero. 


2. In combined state Oxidation Number of ....... 
a Н F is always - 1. 
— О is -2; In peroxides (-O-O-) it is —1. However in F,O, it is +2. 
sala Н is 1; In ionic hydrides it is -1. 
-— ed metals is always positive. 
e alkali metals (IA e.g. Li, Na, К, Rb, Cs, Fr) is always + 1, 
| eem alkaline earth metals (IIA e.g. Be, Mg, Ca, Sr, Ba, Ra) is always +2. 
ws halogens in halides is always — 1. 
Riss sulphur in sulphides in always —2. 
* The algebraic sum of all the Oxidation Number of elements in a compound is equal to zero. e.g. K. MnO, 
2 x Oxidation Number of K + Oxidation Number of Mn + 4 (Oxidation Number of O) = 0 
4. The algebraic sum of all the Oxidation Numbers of elements in a radical is equal to net charge on 
that radical 
eg.C,O,. 2 х Oxidation Number of C + 4 (Oxidation Number of О) = — 2. 
5. Variable oxidation number is most commonly shown by transition elements as well as by p-block 
elements. 
Transition elements : Fe (+2 & +3), Cu (+1 & +2), Mn (+7, +6, +5, +4, +3, +2, +1) etc. 
p-block elements : As (+3 & +5); Sb (+3 & +5), Sn (+2 & +4) etc. 
0, +1 
0, +2 
0, +1, +3 
0, +1, +2, +3, +4 
0,.+1,.43, +5 
0, +2, +4, +6 
Ө, 41, 43, 43, +7 
0 (usually) 
Exceptions 
(i) Oxidation Number of Cl in CLO is +1, because СІ acts as an electropositive element in this. 
(ii) Oxidation Number of Cl in CIF, = +3 
(ii) ^ Oxidation Number of Cl in KCIO, = +5 
(iv) | Oxidation Number of I in IF, = +7 
(v) Oxidation Number of I in IF, = +5 
(vi) Oxidation Number of Cl in CLO, = +7 
(vii) Oxidation Number of Cl in HCIO = +1 
(viii) Oxidation Number of Cl in HCIO, = +5 
(ix) Oxidation Number of Cl in HCIO, = +5 
(х) | Oxidation Number of Cl in HCIO, = +7 


Oxidation Number of Radicals 


@ 

(ii) 
(iii) 
(iv) 


(v) 
(vi) 


Oxidation Number of radicals is equal to charge present on them. For example, 

Oxidation Number of sulphite (SO, 7), sulphate (SO, ?), thiosulphate (5,0,2), oxalate (C,O,*), car- 
bonate (CO, *).sulphide (S >) is equal to charge (-2) present on each of them. 

Oxidation Number of each of the anions, Cl, Br, Г, МО, CN', OH,SCN,CH,COO and HCO, 
is -1. 

Oxidation Number of each of the anions. PO,?, BO,*, AsO,*. (Arsenate) and AsO,* (Arsenite) is 
-3. 

Oxidation Number of each of the cations, CH,', NH,', Na‘, К? is +1. 

Oxidation Number of each of the cations, Ca, Mg", Sr? and Fe" is +2. 

Oxidation Number of Al in [АКН,О),] is +3. 


Oxidation no. of S element 


1. S in H,S 2(1)+x=0 +2+х=0 =-2 
2. S in SO, x + 2(-2) = 0 x-4=0 =+4 
: d S in SO? х+4(-2) = –2 х-8 = ~ 2 x=+6 
4. SinSO? x+3(-2)=-2 x-6=-2 x=+4 
5. S in SF, x + 6(-1) = 0 x-6=0 x=+6 


6. Sin H,SO, 2(1)*x-*3(2)-0 +2+х-6 = 0 х= +4 


Oxidation no. of Р element 


1. Oxidation number of P in P, =0 

2 PinPO?: x+4(2)=-x-8=-3,x=+5 

3 Р in NaHPO, :1(1) + 1(1) + + 2(-2) = 0 +1 +1 4x – 4 = 0, х = +2 

4. Pi HRPO:308DtXxf*302-0t134x—6-03—43 

5 Р іп Na,HPO, : 1) + 1 + x + 4-2) -0*2*1*x-8-0,x-*5 
6 Р in MgP,O,: 2(2) + 2x + 7(-2) =0+4 + 2x -14- 0, 2х = 10, x = + 5 


Oxidation Number of Cr in its various compounds 


Cr in CrO :х-2 = 0, х= + 2 

Cr in Сг,О, :2x - 67 0, xwtj 

Cr in CrSO, :х-2 = 0, х= +2 

Cr in Cr,(SO,), :2х- 6 = 0, х= +3 

Cr in CrO,CI, > 2x - 6 = 0, x=+3 

Cr in K,Cr,O, :2+2x-14=0, x=+6 

Cr in K,CrO, :2+х-8 = 0, х= +6 

Cr in Cr,O,? :2x - 14 = 2, 2x = 12 x=+6 

Cr in Goz :х-8=-2, x=+6 

Cr in Cr (NH,),SO, :x-2=0, x = + 2 (Here, Oxidation Number of NH, is zero) 
Oxidation Number of Cr in [Cr(NH,),]}* > ix—-2 

Oxidation Number of Cr in Na,CrO, : +2 +x - 8 = 0, x=+6 


Oxidation Number of Cr in Cr(CO), : x = 0 (Oxidation Number of Cr = 0) 
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Oxidation Number of Mn in its compounds 


1. Mn in MnO :х-2 = 0, х= + 2 
2. Мп in Mn,O, :2x - 6 = 0, х= + 3 
3. Мп in MnSO, :х-2 = (0), х= + 2 
4. Mn in Мп,(50,), : 2x -6=0, x=+3 
5. Mn in K,MnO, :+42+х-8=0, x=+6 
6. Mn in KMnO, :+1+х-8=0. x=+7 
г А Mn іп Mn(CO),, :х + 10(0) = 0 х= 0 

8. Mn in MnO, >x-8=-1 x=+7 
9. Mn in Mn (C,0,),.2H,O :х-4=0, х=+4 


Comparison of Valency and Oxidation number 


Valency of an element represents the power or capacity of the element to combine with the other element. 
The valency of an element is numerically equal to the number of hydrogen atoms or chlorine atoms 
or twice the number of oxygen atoms that combine with one atom of that element. It is also equal 
to the number of electrons lost or accepted or shared by the atoms of an element. 

In some cases (mainly in the case of electrovalent compounds), valency and oxidation number are the 
same but in other cases they may have different values. The difference between the two have been 
tabulated. 


Oxidation number (State 


It is the combining capacity of the element.| Oxidation number is the charge (real or imaginary) 
No plus or minus sign is attached to it. present on the atom of the element when it is in 
combination. It may have plus or minus sign. 
Valency of an element is usually fixed. Oxidation number of an element may have different 
values. It depends on the nature of compound 
in which it is present. 
Valency is always a whole number. Oxidation number of the element may be a whole 
number or fractional. 


Valency of the element is never zero Oxidation number of the element may be zero. 


except in noble gases. 


lin the following compounds of carbon, the oxidation number varies from — 4 to +4 but valency 
of carbon is 4 in all the compounds. 

Compound CH, CH CH,Cl, CHCI, ССІ 
Oxidation numberofcarbon -4 -2 0 + 2 + 4 


4 


OXIDATION AND REDUCTION ІМ TERMS OF OXIDATION NUMBER 


(1) 
(2) 
(3) 


(4) 


Oxidation : Chemical process involving increase in oxidation number. 

Reduction : Chemical process involving decrease in oxidation number. 

Oxidising agent : substance which undergoes decrease in oxidation number of one or more of its 
element. 

Reducing agent : Substance which undergoes increase in oxidation number of one or more of its 
elements. 
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(5) List of some common eee agents : 


келю | uos | — 3 СЕСИИ 
| "Омен | нома | н | o | 
| = 


(6) List of some common reducing agents: 


Chemical Change Element changin в О.М. Change in ON. 


(7) Metal ions in their lowest oxidation states such as Fe** Sn**,Cu*, etc., also act as reducing agents. 
Common Oxidising and Reducing Agents. 


KMnO, inacid solution MnO; э Мп2* 
KMnO, іл alkaline solution MnO; — MnO, 
K,Cr,O, in acid solution CrO? > Сг” 


dilute HNO, нОу-+но 
concentrated HNO, NO; > NO, 


concentrated H,SO, SO; > SO, 


manganese (IV) oxide MnO, — Mn?' 
chlorine CI СГ 


chloric (1) acid GO cr 
КЮ, in dilute acid 10; 1 
KIO, in concentrated acid 105 2r 


Reducing agent Effective Change 


iron(II) salts (acid) Fe^* S Fe? 


tin (II) salts (acid ) Sn^* > Sn** 
sulphites (acid) SOi + SOF- 
hydrogen sulphide 56 
iodidies (dilute acid) EN 
iodides (concentrated acid ) ҹы 
Zn — Zn** 
H—>H* 


Special cases of ON : Apart from above discussed molecules there are some special cases due to 
peroxide linkage or covalent or coordinate bond, the following rules are generally used. 


Type I.In molecules containing peroxide linkage in addition to element-oxygen bonds. For example, 

(0) Oxidation number of S in F 1.50, 
(Permonosulphuric acid or Caro's acid) 
By usual method; H.SO, 
2х1+х+5х(-2) = 0) or x 2 +8 
But this cannot be true as maximum oxidation number for S cannot exceed + 6. Since S has only 6 
electrons in its valence shell. This exceptional value is due to the fact that two oxygen atoms in shows 
peroxide linkage as shown below, 


о [ ^ Peroxide linkage 
| 


H-O-S-O-O-H 


Therefore the evaluation of o.n. of sulphur here should be made as follows, 
2x(41) + x + 3x(-2) + 2x(-1) 

(forH) (forS)  (forO) (for O-O) 
or 2+ x-6-2-0 or x=+6. 


(ii) ^ Oxidation number of S in H,S,O, 
(Peroxidisulphuric acid or Marshall's acid) 


By usual method; Н,5,0, 
1x2+2x+8(-2)=0 
2x=+16-2=14 or x=+7 


Similarly Caro's acid, Marshall's acid also has a peroxide linkage so that in which S shows +6 oxidation 


state. 
x Peroxide linkage 


-0-0-5-0-H 


N= 


H-0- 


Saved /storage/emulated/0/Pictures/TouchShot/ 
20170809 094635. рс 


12 


(ш) 


Therefore the evaluation of oxidation state of sulphur should be made as follow, 
2x (+1) + 2 x(x) + 6x(-2) + 2x(-1)=0 

(for Н) (for S) (for O) (for О-О) 
or 2 + 2x-12-2=0 or x=+6. 


Oxidation number of Cr in CrO, 
(Blue perchromate) 
By usual method CrO, ;x- 10-0 or x=+ 10 


This cannot be true as maximum O. N. of Cr cannot be more than + 6. Since Cr has only five electrons 
in 3d orbitals and one electron in 4s orbital. This exceptional value is due to the fact that four oxygen 
atoms in CrO, are in peroxide linkage. 

The chemical structure of CrO, is 


Peroxide linkage — ip | e— Peroxide linkage 
o^ | ~o 
о 
Therefore, the evaluation of oxidation number of Cr should be made as follows 
x + 1x(-2) + 4 (-1)=0 
(forCr)  (forO) (forO-O) 
or x-2-4=0 or x=+6. 


Type П. In molecules containing covalent and coordinate bonds, following rules are used for evaluating the 


() 


(i) 


(a) 


(i) 


(ii) 


oxidation numbers of atoms. 

For each covalent bond between dissimilar atoms the less electronegative element is assigned the oxida- 
tion number of + | while the atom of the more electronegative element is assigned the oxidation number 
of -1. 


In case ofa coordinate-covalent bond between similar or dissimilar atoms but the donor atom is less 
electronegative than the acceptor atom, an oxidation number of +2 is assigned to the donor atom and an 
oxidation number of -2 is assigned to the acceptor atom. 


Conversely, if the donor atom is more electronegative than the acceptor atom, the contribution of the 
coordinate bond is neglected. Examples, 


Oxidation number of C in HC =N and HN 2C 
The evaluation of oxidation number of C cannot be made directly by usual rules since no standard rule 
exists for oxidation numbers of N and C. 


In such cases, evaluation of oxidation number should be made using indirect concept or by the original 
concepts of chemical bonding. 


Oxidation number of carbon in H - N = C 

The contribution of coordinate bond is neglected since the bond is directed from a more clectronega- 

tive N atom (donor) to a less electronegative carbon atom (acceptor). 

Therefore the oxidation number of іп HN = С remains - 3as it has three covalent bonds. 
1х(+1) + 1х (-3) +x=0 
(for H) (Гог М)  (forC) 

ог 1+х-3=0 ог х= +2. 

Oxidation number of carbon іп НС = N 

In НС = №, N is more electronegative than carbon, each bond gives an oxidation number of -1 to N. 


There are three covalent bonds, the oxidation number of N in is taken as - 3 
Now HCN ~. +14+x-3=0 > x=+2 
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(b) Oxidation number of carbon in C,O, 
2 0 +2 
O-C-C*-C-O 
Structure of C.O, 
(Carbon suboxide) 
(c) Oxidation number of Br in Br,O, 


о 
oNS u le X О 


"a 


Structure of Вг,О, (tribromooctaoxide) 


(d) Oxidation number of Cr in K,[CrO;] 


-3 
K;[CrO,] 7 

3 g о 

n MT 
x-8--3 047 N^O 
x=5 о-о 


Type Ш. In a molecule containing two or more atoms of same or different elements in different oxidation states. 
(1) Oxidation number of S in Na,S,0, 

By usual method 

A 2x(+1)+2xx+3(-2)=0 or 2+2x-6=0 or x=2. 


But this is unacceptable as the two sulphur atoms in Na,S,O, cannot have the same oxidation number 
because on treatment with dil. H,SO,, one sulphur atom is precipitated while the other is oxidised to 
50,. 


Na,S,0, +H,SO, — Na,SO, +SO,+S+H,O 


In this case, the oxidation number of sulphur is evaluated from concepts of chemical bonding. The 
chemical structure of Na, S.O, is 
S 
— e— 
Na о - ў -0 Na 
о 
Due to the presence of a co-ordinate bond between two sulphur atoms, the acceptor sulphur atom has 
oxidation number of - 2 whereas the other $ atom gets oxidation number of + 2. 
2х(+1) +3 (-2) +x x1 +1 (-2) =0 
(forNa)  (forO) (forS) (for coordinated S) 
or *2-6 + x-2=0 or x=+6 


Thus two sulphur atoms in Na,S,O, have oxidation number of - 2 and +6. 


(ii) Oxidation number of chlorine in СаОС1, 
(bleaching powder) 
In bleaching powder, Ca(OCI)Cl, the two Cl atoms are in different oxidation states i.e., one СГ having 
oxidation number of -1 and the other as OCI- having oxidation number of *1. 


(ш) 


(iv) 


(v) 


Oxidation number of N in NH,NO, 

By usual method N,H,O, ; 2x +4 х (+1) c3 x (-1)70 

2x+4-3=0 or 2х= + ] (wrong) 

No doubt NH NO, has two nitrogen atoms but one № has negative oxidation number (attached to Н) 
and the other has positive oxidation number (attached to О), Hence the evaluation should be made 
separately for NH,' and NO, - 

NH, х+4х (+1) = +1 orx=-3 

NO, x+3 (-2)=-lorx=+5. 

Oxidation number of Fe in Ре,О, 

In Fe,O,, Fe atoms are in two different oxidation states. Fe,O, can be considered as an equimolar 
mixture of FeO [iron (II) oxide] and Fe,O, [iron (Ш) oxide]. Thus in one molecule of Fe,O,, two Fe 
atoms are in + 3 oxidation state and one Fe atom is in + 2 oxidation state. 

Oxidation number of S in sodium tetrathionate (Na,S,0,) 

Its structure can be represented as follows, 


о 
Na’ 07-55-6507 м 
о 0 
The two S-atoms which are linked to each other have oxidation number zero. The oxidation number of 


other S-atoms can be calculated as follows 


Let oxidation number of S is x. 
2xx + 2x0 + 6%*(-2)=-2 
{for S) (for S-S) (for O) 
х=+5. 


Illustration 


(а) 


(с) 
Sol. 


(d) 
Sol. 


Determine Oxidation number of the element underlined in each of the following : 


FeSO, (NH,),SO,. 6H,O : 

Put sum of Oxidation Numbers of SO, = – 2 

Sum of Oxidation Numbers in (NH,),SO, = 0 [(NH,),SO, is a complete molecule] 
Sum of Oxidation Numbers in H,O = 0 [H,O is complete molecule] 

x + (-2) +0 + 0 = 0; z x=+2 


Fe О: 


—„4 
x x 0.94 + (-2) = 0; x = 200/94 
Na,[Fe(CN),NO] : 
NO in iron complexes has МО" nature. 
Tus 2 *x 1 +x+ 5 x (-1) + 1 = 0 
(for Na) (for Fe) (for CN) (for NO); e x 


FeNO(H,O),SO, : 
x*1*5x04(-2)-20; x х=+] 


ll 
t 
һә 
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Exercise 


Oxidation number of Fe in [Fe(CN),]3, [Ее(СМ№), 1, [Fe(SCN)]? and [Fe(H50),]? respectively 
would be- 
(A) +3, +2, +3 and +3(B) +3, +3, +3 and +3(C) +3, +2, +2 and +2(D) +2, +2, +2 and +2 


Ans. A 


BALANCING OF REDOX REACTIONS 


(1) 


(у) 


There аге a number of methods for balancing oxidation - reduction reactions, two main methods аге 
discussed below : 
(1) Oxidation number method (2) lon - electron method 


Oxidation number method : The method for balancing redox reactions by oxidation number change 
method was developed by Johnson. Ina balanced redox reaction, total increase in oxidation number 
must be equal to the total decrease in oxidation number. This equivalence provides the basis for balanc- 
ing redox reactions. This method is applicable to both molecular and ionic equations. The general proce- 
dure involves the following steps, 

Write the skeleton equation (if not given, frame it) representing the chemical change. 


Assign oxidation numbers to the atoms in the equation and find out which atoms are undergoing oxida- 
tion and reduction, Write separate equations for the atoms undergoing oxidation and reduction. 


Find the change in oxidation number in each equation. Make the change equal in both the equations by 
multiplying with suitable integers. Add both the equations. 


First balance those substances which have undergone change in oxidation number and then other atoms 
except hydrogen and oxygen. Finally balance hydrogen and oxygen by putting H,O molecules wherever 
needed. 


The final balanced equation should be checked to ensure that there are as many atoms of each element 
on the right as there are on the left. 


In ionic equations the net charges on both sides of the equation must be exactly the same. Use H* 
ion/ions in acidic reactions and ОН ion/ions in basic reactions to balance the charge and number of 
hydrogen and oxygen atoms. 

The following example illustrate the above rules, 


Step-1: Cu + HNO, — Cu(NO,), + NO, + H,O 
(Skeleton equation) 
Step-II : Writing the oxidation number of all the atoms. 


+l 348-2 +2 45-2 +4 -2 4-2 


° -2 
Cu + HNO; — Cu(NO:), + МО + I:O 
Step-III : Change in oxidation number has occurred in copper and nitrogen. 


Cu — Cu(NO,), Рае (i) 


+5 -4 ч 
НКО,» МО, se. (її) 
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(2) 


Increase in oxidation number of copper = 2 units per molecule Cu 
Decrease in oxidation number of nitrogen = | unit per molecule HNO, 


Step-IV : To make increase and decrease equal, equation (ii) is multiplied by 2. 
Cu+2HNO, — Cu(NO,), * 2NO, +H,O 


Step-V : Balancing nitrate ions, hydrogen and oxygen, the following equation is obtained. 
Cu+4HNO, — Cu(NO,), +2NO, +2H,O 
This is the balanced equation. 


Ion-electron method (half reaction method) 

Jette and LaMev developed the method for balancing redox-reactions by ion electron method in 1927. 
Itinvolves the following steps 

(1) Write down the redox reaction in ionic form. 

(ii) Split the redox reaction into two half reactions, one for oxidation and other for reduction. 

(iii) Balance each half reaction for the number of atoms of each element. For this purpose, 

(a) Balance the atoms other than H and O for each half reaction using simple multiples. 

(b) Add water molecules to the side deficient in oxygen and H to the side deficient in hydrogen. This is 
done in acidic or neutral solutions. 

(c) Inalkaline solution, for each excess of oxygen, add one water molecule to the same side and 20H * 
ions to the other side. If hydrogen is still unbalanced, add опеОН ion for each excess hydrogen on the 
same side and one water molecule to the other side. 

(iv) Add electrons to the side deficient in electrons as to equalise the charge on both sides. 

(v) Multiply one or both the half reactions by a suitable number so that number of electrons become 
equal in both the equations. 

(vi) Add the two balanced half reactions and cancel any term common to both sides. 


The following examples illustrate the above rules 


In acidic medium 


(a) 


(b) 


(c) 


(d) 


consider the example, 
ско? * 060, 0, ce cO, 


Write both the half reactions. 
CroO — Cr (Reduction half reaction) 
C,0,7- > CO, (Oxidation half reaction) 


Atoms other than H and O are balanced 
Cr;07^- > 2Cr** 
со” => 2CO, 


Balance O-atoms by the addition of Н,О to another side 
Ст,0,2- > 2Cr* + 7Н,0 
C,0,7 — 2С0, 


(с) 


(2) 
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Balance H-atoms by the addition of H* ions to another side 
Сг,0,2- + 14H* — 2Cr* + 7H,0 
C,0,?> + 2CO, 


Now, balance the charge by the addition of electrons (e ). 
Cr,0,^7- «14H* +6е7 > 2Сг?* +7H,0 
С,0,2- э 2CO, + 2e 


Multiply equations by a constant to get number of electrons same in both side. In the above case 
second equation is multiplied by 3 and then added to first equation. 


Cr,0,2-+ 14H* 6e- — 2CP* + 7H,0 
3C50,?- —> 6CO, + бе- 


С,0,2-+3С,012- + 14 Н” 22CP* *6CO, 4 7H;0 


In alkaline medium 


(a) 


(b) 


(c) 


(d) 


(e) 


(f) 


Consider the reaction 


СОН), + 10," —©Ҥ—.› rF + cro, 


Separate the two half reactions. 
Cr(OH), — CrO% (Oxidation half reaction) 
IO," — Г (Reduction half reaction) 


Balance O- atoms by adding H,O. 
H,O + Cr(OH), ә CrO, 
IO; ә I +3H,0 


Balance H-atoms by adding H,O to side having deficiency and ОНГ to side having deficiency of 
H-atoms. 

5OH-* H O+ Cr(OH), — CrO,?- + 5H,O 

SOH- + Cr(OH), — CrO,?> + 4H,O 

IO," + 6H,O0 — Г + ЗН,0 + 60H- 

ог IO, * 34,0 ә Г + 60H” 


Balance the charges by electrons 
SOH- + Cr(OH); > СгО,2- + 4Н,0 + Зет 
10,7 + 6H,O + бет — I- + ЗН,О + 60H- 


Multiply first equation by 2 and add to second to give 
10OH- + 2Cr(OH), — 2CrO,?> + 8Н,0 + бе 
IO," + 6Н,О + 6€ — Г + 3H,0 *60H* 


40H-+2Cr(OH),+ 10; —5H,0*2CrOg?-* Г 


18 


Illustration 
1. What will be the value of x, у апа z in the following equation — 
H4C,0, + xH,0, — yCO, + zH,O 
(А) 2, 1, 2 (B) 1, 2, 2 (22.2. 1 (D) None 
Ans. B 
Sol  (i)The half reaction for oxidation is, H,C,0, > co, 
Balancing carbon atoms on both sides, Н,С,О, — 2CO, 
Balancing hydrogen atoms on both sides, 
H,C,0, ә 2CO, + 2H" 
Balancing the charge on both sides, 
H,C,0, — 2CO, + 2H' -*2e (balanced) 
(ii) The half reaction for reduction is — 
H,O, — H,O 
Balancing oxygen atoms on both sides, 
H,O, — 2H,0 
Balancing hydrogen atoms, 
H,O, + 2H' — 2H,0 
Balancing the charge, 
H,O, + 2H" + 2e — 2H,0 (balanced) 
Now, adding both equation, 
H,C,0, + H,O, — 2CO, + 2H,0 
This is balanced equation. 
2, What will be the value of x, y and z in the following equation — 
хі, + yOH ә IO, +27 + 3H,0 
(A) 3, 5, 6 (B) 5, 6, 3 (C) 3, 6, 5 (D) 6, 3, 5 
Ans. C 
Sol. 0 +5 
b-— Юу  —„ (i) Oxidation 
0 -1 
15 FP oe (ii) Reduction 


Balancing atoms of Iodine on two sides, 


L — 210, 
ог, 1, + 120H ә 210, +6Н,О 
Balancing change, 
I, + 120H™ — 210, + 6H,O + 10е 
L-2r 


add (1, + 2€ ә 21) х 5 


Adding, 61, + 120H- > 210, + 10Г + 6H,0 
or, 3L + 60H- > IO," + ST + 3H,0 
It is balanced equation. 


Exercise 


1. What will be the value of a, b, c, d, e and f in the following equation — 

aMnO, -*bC,0,--* cH” — Мп? + eCO, + f H,O 

(A) 2, 2, 10, 8, 5, 16 (B) 2, 5, 16, 2, 10, 8 (C) 2, 5, 10, 2, 8,16 (D) 2, 8, 16, 2, 5, 10 
Ans. B 


2. Balance the following equations using basic medium: 
(i) ^ AsO} «MnO; > AsOY +MnO, + ОН" 
(i) ^ HNO,-As,S, ->H SO, +H,AsO, +NO, 
(ii) ^ N.H, +Cu(OH), —> N, + Cu 
(iv) $5+ОН ә? S?- + 5,0{- 
(v) S,0i + Ag,0 2 Ag + SO; 
Ans. (i) 3AsOi «2MnO; +Н,О — 3AsO} +2MnO, +20H™ 
(ü) | 40HNO, + Аѕ,5; — 5H,SO, +2H,AsO, +40NO, +12H,O 
(ii) М.Н; +2Cu(OH), —> №, + 2Cu + 4H;O 
(iv) 45+60Н-  252- +5,05- +3H,O 
() | S,0i +Ag,0+20H™ 2 2А9+ 250: «HO 


EQUIVALENT WEIGHT 


Equivalent weight is primarily used in analytical chemistry because weighing errors are reduced. It 
is generally determined through the experiments. Equivalent weight is defined in various ways, 


depending upon the purpose of use. 


(a) The equivalent weight of an element is that weight of the element that will combine with or replace 


directly or indirectly 1.0 gm of H, 35.5 gm of Cl or 8.0 gm. of O or 108 gm of Ag. 
(b) In the reaction 


1 atom of Mg loses 2 electrons to become Mg?" ion. If we start with | mole or 24 gm of Mg, 
we have №, (6.023 x 1073) number of Mg atoms which would lose 2N д number of electrons and 
form №, number of Mg?* ions. Therefore, we get 2N A number of electrons from 24 gm of Mg. 


So, N, number of electrons can be obtained from 2 = 12 gm of Mg. Thus the equivalent weight 
of Mg = 12. 


Thus equivalent weight of an element is that weight of the element which loses or gained Avogadro 


number (N ,) of electrons. 
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(c) 


(A) 


Equivalent weight of an element can also be calculating with the help of n factor or valency factor 


Atomic wt of the element 


Equivalent weight of element = -n factor / Valency factor 


Formula wt of the compound 
n factor / Valency factor 


Equivalent weight of compound = 
n-Factor (n.f.) or Valency factor (v.f.) Calculation : The above use n-factor is defined for different 
cases as below : 


Acids 

Acids are the species which fumish H* ions when dissolved in a solvent. For acids, n-factor is defined as 
the number of H ' ions replaced by 1 mole of acid in a reaction. The n-factor for acids is not equal to its 
basicity; i.e. the number of moles of replaceable H* atoms present in one mole of acid. 


For example, n-factor of HCI= 1, 
n-factor of HNO, = 1, 
n-factor of H,SO, = | or 2, depending upon extent of reaction it undergoes. 


H,SO, + NaOH — NaHSO, + H,O 


Although one mole of H,SO, has 2 replaceable Н atoms but in this reaction H,SO, has given only one 
Н“ ions, so its n-factor would be 1. 


H,SO, + 2NaOH — Na,SO, + 2H,O 


The n-factor of H,SO, in this reaction would be 2. 
Similarly, n-factorofH,SO, = lor2 
n-factorofH,CO, = | or2 
n-factor of H,PO, | or 2 or 3 
n-factor of H,PO, | or 2 because one of the Н is not replaceable in П,РО,. 


Ш 


Ш 


This can be seen using its structure 


The H atoms which are linked to oxygen are replaceable while the H atom linked directly to central 
atom (P) is non replaceable. 
n-factor of H,BO,=1 


In H,BO,, although all three Н are linked to oxygen , yet all 3 Н are not replaceable. Here, boron atom 
is electron deficient, so it acts as a Lewis acid. When H,BO, is added to water, then oxygen atom of 
Н,О through its lone pair attack the boron atom, as follows 


н pe H.O: © 
B+ :0H, — но-#0©н -—> i-i ^ OH + H,0° 
HO OH а OH 


(B) 


(С) 
@ 


(ii) 
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The net reaction is H,BO, + 2H,O — [B(OH,]  H,O*. 
Thus, опе mole of H,BO, in solution gives only one mole of H*, so its n-factor is 1. 


Bases 
Bases are the species, which furnish ОН ions when dissolved in a solvent. For bases, n-factor is 
defined as the number of OH ions replaced by 1 mole of bases in a reaction. The n-factor is not equal 
to its acidity i.e. the number of moles of replaceable ОНГ ions present in 1 mole of base. 
For example, n-factor of NaOH = 1 

n-factor of Zn(OH), =lor2 

n-factor of Ca(OH), = 1 or 2 

n-factor of Al(OH), = | or2 or3 

n-factor of NH, (OH) = 1 


Salts 
When no atom undergoes change in oxidation state 


The n-factor for such salts is defined as the total moles of cationic/anionic charge present in 1 mole ofthe 
salt. For the reaction, 
2 Na,PO, + 3 BaCl, — 6 NaCl + Ba,(PO,), 


n-factor of Na,PO, in this reaction is 3 

n-factor of BaCl, in this reaction is 2 

n-factor of NaCl in this reaction is 1 

n-factor of Ba,(PO,), in this reaction is 6 

When only one atom undergoes change in oxidation state and goes in only one product 

The n-factor of such salts is defined as the number of moles of electrons exchanged (lost or gained) by 
one mole of the salt. 


For example, let us calculate the n-factor KMnO, for the given chemical change. 
KMn*’O, Мп2 


In this reaction, oxidation state of Mn changes from +7 to +2. Thus, KMnO, is acting as oxidising agent, 
since it is reduced. 

г. n-factor of KMnO, = |1 x (*7)- 1 x (+2) = 5 
Similarty 


(a) KMnO, — 2, Мп“ 

n-factor of KMnO, = |1 х (+7) – 1 х (+4) |= 3 
(b — KMn"O, 09 , Mn'* 

n-factor of KMnO, = |1 х (+7) – 1 x (+6) = 1 


1: сап be seen that in all above chemical changes, KMnO, is acting as oxidising agent, yet its n-factor 
is not same in all reactions. Thus, the n-factor of a compound is not fixed, it depends on the type and the 
extent of reaction it undergoes. 
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(i) 


(iv) 


When only one atom undergoes change in oxidation state but goes in two products with the 
same oxidation state 


In such case, the n-factor is calculated in the same manner as in case (ii). 
For example, let us calculate the n-factor of K,Cr,O, for the given chemical change. 
Cr,07- > Cr + Сг?" 


In this reaction, state of Cr changes from +6 to +3 in both products. 
г. n-factor of K,Cr,O, = |2 x (+6) -2 x (+3)| = 6 


When only one atom undergoes change in oxidation state but goes in two products with different 
oxidation state 


Consider а chemical change, 2Mn'* — Мп + Mn** 
Out of the two moles of Mn"*, one mole M?* changes to Мп“ by gaining 3 moles of electrons and the 
other mole of Мп?* changes to Mn” by gaining 5 mole of electrons, so in all 8 mole of electrons are 
gained by 2 mole of Mn"*. So each mole of Мп?* has gained 8/2 = 4 mole of electrons. Thus, 4 would 
be the n-factor of Mn” in this reaction. 
If the reaction would have been 

3Mn'* 2 2Mn** + Mn** 


Out of 3 moles of Mn"*, two moles of Mn?* changes to Mn?* by gaining 10 mole of electrons and one 
mole of Mn"' changes to Mn*' by gaining 3 mole of electrons. Thus each mole of Mn"* have gained 
13/3 mole of electrons. Therefore, the n-factor of Mn”* in this reaction would be 13/3. 

Note that n-factor can be a fraction because it is not the number of electrons exchanged but it is the 
number of moles of electrons exchanged which can be a fraction. 


Now, if the reaction would have been 3Mn^* — Мп?” + 2Mn**, Thus, each mole of Mn**, Thus, each 
mole of Mn™ have gained 11/3 mole of electron. Therefore, n-factor of Mn” in this reaction would be 
11/3. 


Salts which react in a fashion that only one atom undergoes change in oxidation state but goes 
in two products with different state (in one product with same oxidation state and in other with 
different state than in the reactant) 


For such reactions also, the n-factor calculation is not possible without the knowledge of balanced 
chemical reaction because n-factor of reactant would depend on the fact that how much of reactant 
underwent change to different oxidation state +y and how much of reactant remained in the same oxidation 
state +x. 


For example, if we have a chemical change as 
2Mn7* 2 Mn” + M?! (the compounds containing Mn in + 7 state in reactant and product are different) 


In this reaction, 5 moles of electrons are gained by 2 moles of Mn*’, so each mole of Mn* takes up 
5/2 mole of electrons. Therefore , n-factor of Mn*” in this reaction would be 5/2. 
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When two type of atoms in the salt undergoes change in oxidation state (Both the atoms аге 
either getting oxidised or reduced) 


In this case, the n-factor of the salt will be the total number of mole of electrons lost or gained by one 
mole of the salt. 


For example, for following reaction Cu} S™ — Си“ +S“O, 
in which Си” and S% both are getting oxidised to Си?” and S* respectively. 
г. n-factor of Cu,S =(1 х2) + (1 x 6) =8 


When two atoms in the salt undergoes change in oxidation state (one atom is getting oxidised 
and the other is getting reduced) 


The n-factor of such a salt can be calculated either by taking the total number of moles of electrons 
gained by one mole of the salt. 


For example, decomposition reaction of KCIO, is represented as 


KCI**0,?- > KCI + О, 


In this reaction, O* іѕ getting oxidised to О, and Сі is getting reduced to CI'-. In each case, 6 mole of 
electrons are exchanged whether we consider oxidation or reduction 

n-factor of KCIO, considering oxidation = [3 (2) – 3 (0) = 

or n-factor of KCIO, considering reducing = |1 x (+5)-1 х (-1)|- 6 


Salts or compounds which undergoes disproportionation reaction 

Disproportionation reactions can be divided into two types. 

Disproportionation reactions in which moles of compound getting oxidised and reduced are same i.e. 
moles of oxidising agent and reducing agent are same. The n-factor for such compounds is calculated 
by either the number of mole of electrons lost or gained by one mole of the compound because in such 
a case, n-factor ofthe compound acting as oxidizing agent or as reducing agent would be same. 


For example, 2H,O, — 2H,0 + O, 
Out of 2 mole of H ‚О, used in reaction, one mole of H, О, gets oxidised to О, (oxidation state of O 
changes from -1 to -2). When 1 mole of H 30, gets oxidised to O,, the half -reaction would be would 


be OF > О} + 2е 
and when 1 mole of H,O, gets reduced to H,O, the half-reaction would be OF +2¢ — 20% 


Thus, it is evident that one mole of H,O, (which i is either getting oxidised or reduced) will lose or gain 2 
mole of electrons. Therefore, n-factor of H,O, as oxidizing as well as reducing agent in this reaction is 
2. Thus, 


но + HO, но + О 
SSS $ 
Reducingagent Oxidizingagent (n=1) (п = 2) 


(n = 2) (п= 2) 
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(b) 


Or when the reaction is written as 
2H,0, — 2H,0 + O, 


Where, H,O, is not distinguished as how much of it functions as oxidizing agent and how much as 
reducing agent, then n-factor calculation can be done in the following manner. Find the number of 
electrons exchanged (lost or gained) using the balanced equation and divide it by the number of moles 
H,O, involved in the reaction. Thus, the n-factor of H,O, when the reaction is written without segregating 


2 
oxidising and reducing agent is 2 =] 


2н > MWO + О. 
(n = 1) (n= 1) (n = 2) 


Disproportionation reactions in which moles of compound getting oxidised and reduced are not same. 
6Br, + 12 OH —> 10 Вг *2BrO, +6H,O 


In this reaction, the mole of electrons lost by the oxidation of some of the moles of Br, are same as the 
number of mole of electrons gained by the reduction of rest of the moles of Br,. Of the 6 moles of Br, 
used, one mole is getting oxidized, loosing 10 electrons (as reducing agent) and 5 moles of Br, are 
getting reduced and accepts 10 moles of electron (as oxidizing agent) - 


Br, ———2Br^-* 10e 
5Вг, + 10е ———> 10Br 


Вг, + 5Вг, ——— 10 Вг +2 Вг" 
Ыф 
Reducingagent — Oxidizing agent 
(n= 10) (п= 2) (п= 1) (п= 5) 


Thus, n-factor of Br, acting as oxidizing agent is 2 and that Br, acting as reducing agent has n-factor 10. 
Or when the reaction is written as 
6Br,—> 108г *2Br* 


where, Br, is not distinguished as how much of it function as oxidizing agent and how much as reducing 
agent, then for calculating n-factor of compound in such reactions, first find the total number of electrons 
exchanged (lost of gained) using the balanced equation and divide it with the number of mole of Br, 
involved inthe reaction to get the number of mole electrons exchanged by one mole of Br,. 


In the overall reaction, the number of mole of electrons exchanged (lost or gained) is 10 and the moles of 
Br, used in the reaction are 6. Thus, each mole of Br, has exchanged 10/6 or 5/3 mole of electrons. 
Therefore , the n-factor of Br, when the reaction is written without segregation oxidising and reducing 
agent is 5/3. 


6Br, — 10Br +  2Br* 
(N = 5/3) (N=1) (N=5) 
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Illustration 


Sol. 


Ans. 


Sol. 


In acting as a reducing agent, a piece of metal M weighing 16 grams gives up 2.25 x 1073 
electrons, what is the equivalent weight of the metal 


(A) 42.83 (B) 21.33 (C) 83.32 (D) 32 
A 

N, no of electron will be removed by 

6.023 x 1023 


sano x 16 gm of metal M 


= 42.83 gm of metal M 
^. equivalent wt. of metal is 42.83 


The equiv. wt. of the salt 
KHC,0,, H,C,0,, 4H,O (to be used as a reducing agent) is - 


(А) Ym (p) мамі 
Mol. wt Mol. wt 
(C) ша (D) 4 


D 

Per mole of this salt contains 2 moles of C,0,?- 

`. no of electrons transferred per moles of this salt is 
2C,0,7- —> 2 x 2e = 2CO, х 2 
'n' factor (as a reducing) of the given salt = 4 


Mol. wt 
4 


. equiv, wt. of the given salt = 


What weight of HNO, is needed to convert 62 gm of P, in H,PO, in the reaction ? 
P, + HNO, —> H,PO, + NO, + H,O 


(А) 63 gm (В) 630 рт (С) 315 рт (0) 126 рт 
B 
: 31x4 _ 31 
The equiv. wt. of P, = Sud "UR 
' 62gmP,- — equiv. of P, 
= 10 equiv. of P, 
Molwt _ 63 


The equiv. wt. of HNO, = — a i 


. the wt. of HNO, required 
= 10 x 63 = 630 gm 


Saved /storage/emulated/0/Pictures/TouchShot/ 


20170809 094712 [ро 


26 


Sol. 


Sol. 


Sol. 


Calculate the n-factor of reactants in the given chemical changes. 


(с) S,0,2> am , SO, (9) Г —» ICI 


+h 
(a) K, Cr, о, LE Cr* 
The oxidation state of Cr changes from +6 to +3 
z. n=|2 x (66) –2 х (+3)|=6 


+3 5 -4 
0) ¢,0; >CO, 
Carbon get oxidized from +3 to +4 
“, n=|2 х (+3) -2 х (+4)=2 


(с) E o> alkaline $02 


The oxidation state of sulphur changes from +2 to +6 
э.п=]2 *(+42)-2 (+6) = 8 


+! 
(d r—ic 
Г get oxidized to I* 
эп=|1х(—1)х(+1)]=2 


H,PO, + 3NaOH = Na,PO, + ЗН,О 

As per the above mentioned equation what is the equivalent weight of H,PO, ? 

In the mentioned reaction 3 replacable H atoms present in H,PO, are replaced by 
Na 

~ then=3 


_ Mol wt x НРО, _ - "m 


^ equiv. wt of H,PO, 
On heating 5x 10? equiv. of CaCl,.xH,O, 0.18 gm. of water is obtained, what is the value of x? 
Equiv. wt of CaCL, xH,O 
= TE = 55.5 9x 
. 5x 10? equiv of CaCl,, хН,О 
= 5 x10 3 (55.5 + 9x) gm 


of CaCl,, хН,О. 
г. amount of water obtained 
18x 
= Tite tex 157107 65 + 9x) 
=9x x 5 x 10? 
. 9х х5 х 10? = 0.18 
018 


= aaa Ф 3-4 
or x ax 10 


. X= 4 Ans. 
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Exercise 


Ans. 


№ 


Ans, 


In the reaction 
Br, + Na,CO, — NaBr + NaBrO, + co, 
The equivalent wt. of NaBrO, is 


Mol. wt Mol. wt Mol. wt Mol. wt 
"ом (B) ==. (С) a 


(A) 


C 
The equivalent wt. of hypo in the reaction 


Mol. Mol. Mol 1, 
ol. wt (B) ol. wt (С) ol wt (D) мом 


LAW OF EQUIVALENCE 


The law states that one equivalent of an element combine with one equivalent of the other, and in a 
chemical reaction equivalent and mill equivalent of reactants react in equal to give same no. equivalent or 
milli equivalent of products separately. 
(i) aA * bB — mM + пм 

m.eq of A= m. eq. of B= m.eq of M = m.eq. of N 
(ii) In a compound М, №, 

m.eq of M,N, = m.eq of M = m.eq of N 


Hlustration 
1. The number of moles of oxalate ions oxidized by one mole of MnO, ion inacidic medium. 
5 "T - Ж. 
(А) > (B) 5 (С) 5 (О) 3 
Ans. (A) 
Sol. Equivalents of C,0,* = equivalents of MnO, 
x(mole) x2721*x5 
=. 
E 
Exercise 
1. What volume of 6 M HCI and 2 М НСІ should be mixed to get litre of 3M НСІ? 


Ans, 


ISL 


28 
Drawbacks of Equivalent concept : 


l. 


кә 


Since equivalent weight of a substance for example oxidising or reducing agent may be variable hence 
it is better to use mole concept. 
eg. 5e * 8H +MnO, — Mn* -2H,0 


— MnO,;lMolwt. 
Eq. wtof MnO, = MnO; (Mott) 
eg. MnO, +2H,0 + 3е — MnO, +4 ОНГ 
— MnO, 
Eq. wt. MnO, = TS 


Thus the no. of equivalents of MnO, will be different in the above two cases but no. of moles will be 
same. 

Normality of any solution depends on reaction while molarity does not. 

For example 

Consider 0.1 mol KMnO, dissolved in water to make 1L solution. Molarity of this solution is 0.1 M. 
However, its normality is not fixed. It will depend upon the reaction in which KMnO, participates, e.g. 
If KMnO, forms Mn?*, normality ^ 0.1 x 5 = 0.5 №. This same sample of KMnO,. if employed in a 
reaction giving MnO, as product (Mn in + 4 state) will have normality 0.1 x 3 =0.3 N. 


ELECTROCHEMICAL CELL 


An electrochemical cell is a system consisting of electrodes that dip into an electrolyte and in 
which a chemical reaction either uses or generates an electric current. 

A voltaic or galvanic cell is an electrochemical cell in which a spontaneous reaction generates an 
electric current. 


A voltaic cell consists of two half-cells that are electrically connected. Each half cell is the portion 
of an electrochemical cell in which a half-reaction take place. 


A simple half-cell can be made from a metal strip that dips into a solution of its metal ion. An 
example is the zinc-zinc ion half-cell (often called simply a zinc electrode), which consists of a 
zinc metal strip dipping into a solution of a zinc salt. Another simple half-cell consists of a copper 
metal strip dipping into a solution of a copper salt (copper electrode). 


In a voltaic cell, two half-cells are connected in such a way that electrons flow from one metal 
electrode to another through an external circuit, and ions flow from one half-cell to another 
through an internal cell connection. Figure given below illustrates an atomic view of a voltaic cell 
consisting of a zinc electrode and a copper electrode. As long as there is an external circuit, 
electrons can flow through it from one electrode to another. Because zinc tends to lose electrons 
more readily than copper, zinc atoms in the zinc electrode lose electrons to produce zinc ions. 
These electrons flow through the extemal circuit to the copper electrode, where they react with 
the copper ions to produce copper metal, and an electric current flows through the external 
circuit. 


The two half-cells must be connected internally to allow ions to flow between them. As zinc ions 
continue to be produced, the zinc ion solution begins to build up a positive charge. Similarly, as 
copper ions plate out as copper, the solution builds up a negative charge. The half cell reactions 
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will stop unless positive ions can move from the zinc half-cell to the copper half cell, and 
negative ions from the copper half-cell can move to the zinc half-cell. It is necessary that these 
ion flow occur without mixing of the zinc ion and copper ion solutions. If copper ion come in 
contact with the zinc metal, for example, direct reaction would occur without an electric current 
being generated . The voltage would drop, and the battery would run down quickly. 


Садое of Cu 
(ve choise) 


The two half-cells of a voltaic cell are connected by a salt bridge. A salt bridge is a tube of an 
electrolyte in a gel that is connected to the two half-cells of a voltaic cell; the salt bridge allows 
the flow of ions but prevents the mixing of the different solutions that would allow direct reaction 
of the cell reactants. The half-cells are connected externally so that an electric current flows. 
The two half-cell reactions, as noted earlier, are 


Zn, —* Zn ae 2e (oxidation half-reaction) 


C ms +2е-——› Cu, (reduction half-reaction) 
The first half-reaction, in which a species loses electrons, is the oxidation half-reaction. The electrode 
at which oxidation occurs is called the anode. The second half-reaction which a species gains 
electrons, is the reduction half-reaction. The electrode at which reduction occurs is called the 
cathode. These definitions of anode and cathode hold for all electrochemical cells, including 
electrolytic cells. 

Sum of the two half-reaction 


Zn. *Cw és ^? Zw (aq) + Со. 


The net reaction that occurs in the voltaic cell, it is called the cell reaction. 


Electrons are given up by the anode (from the oxidation half-reaction) and thus flow from it, 
whereas electrons are used up by the cathode (by the reduction half-reaction) and so flow into 
this electrode. The anode in a voltaic cell has a negative sign, because clectrons flow from it. 
The cathode in a voltaic cell has a positive sign. 


Note : 1. Salt-bridge contains solution of strong ionic salts like NaCl, NaNO,, KNO,, KCI etc., which 


is soaked in a colloidal solution of agar-agar gel which permits the movement of ions of salts 
only. 

2. Salt-bridge maintains the electrical neutrality of the solutions in the two half-cells. In the 
absence of salt bridge, a reverse potential difference is set up in the two half-cells which results 
in breaking the continuous supply of voltage. 


Saved /storage/emulated/0/Pictures/TouchShot/ 


20170809 094724 [ро 


* ane 


30 
EMF (ELECTRO MOTIVE FORCE) 


The efficiency of a cell depends on the tendency of anode to lose electrons to cathode and the 
ability of cathode to receive electrons. Cell efficiency is measured in terms of emf (electromotive 
force), which is the difference in potentials of two electrodes due to which electrons flow from 
anode to cathode. EMF value of a cell is constant for given concentration of electrolyte, 
temperature and the pressure (in case of gases). Therefore, it depends on concentration, 
temperature and pressure. 


EMF of a cell is measured in terms of the difference in electric potential (electrical pressure) 
between anode and cathode. Its unit is V(volt). The potential of half-cell is known as 
electrode potential, which is the tendency of an electrode to get oxidized or reduced. Thus, 
tendency to get oxidized is called oxidation potential and the tendency to get reduced is called 
reduction potential. 


It is not possible to measure the potential of a single electrode; only emf's of cells can be 
measured. By convention, the reference chosen for comparing electrode potentials is the standard 
hydrogen electrode. 


Normal or Standard hydrogen electrode (NHE or SHE) 


CELL 


The inert electrode is present in contact with the gas at 1 atm pressure (unless specified) 
and its ions in the solution The nature of inert electrode should be such that, when the 
external voltage is changed even by small amount from the equilibrium value, the reaction 
will proceed one way or the other. Most suitable electrode is platinum with fine coat of 
platinum powder or platinum black. It is denoted as : 

H* | H, (1 atm) | Pt 


When reduction occurs at NHE 


When oxidation occurs at NHE 


NOTATION 


A cell can be represented as : 
LHE (Anode) | RHE (Cathode) 


The anode or oxidation half-cell is always written on the left and the cathode or reduction half- 
cell is written on the right. The two electrodes are electrically connected by means of a salt 
bridge shown by two vertical bars. 


Zn,,, | Zn? || Cu; 


(agi 


„Си, 
anode зан bridge Ca 


thode 
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The half-cell which has higher reduction potential, acts as cathode and the electrode with lower 
reduction potential or higher oxidation potential acts as anode. 


The cell terminals are at the extreme ends in this cell notation, and a single vertical bar 
indicates a phase boundary - say between a solid terminal and the electrode solution. For the 
anode of the same cell, you have 


А 
Zn, 8) | 7п v ) 
anode terminal Phase boundary anode electeulyte 


When the half-reaction involves a gas, an inert material such as platinum serves as a terminal 
and as an electrode surface on which the half-reaction occurs. The platinum catalyzes the 
half-reaction but otherwise is not involved in it. Hydrogen bubbles over a platinum plate that 
is immersed in an acidic solution. The cathode half-reaction is 


2H, ieee Hs, 


The notation for the hydrogen electrode, written as a cathode, is 
Hi | HS, ]Pt or Н“ Hu vt or | Pt H, 


(aq) | 1° To 
when this electrode acts as an anode 
Н. -> 2H" E 2e. 


Xg 


Pt | Hy, | н 


Additional examples of electrodes. A comma separates ions present in the same solution. 


Cathode Cathode Reaction 
Cl; | CU ul Pt "oni t*t26— 2С! 
em Fe;,, | Pt Fe; te — FE 

Cdi, Cdi с +26—» Сі 


ELECTRO CHEMICAL SERIES 


The emf of a voltaic cell depends on the concentrations of substances and the temperature of 
the cell. For purposes of tabulating electrochemical data, it is usual to choose thermodynamic 
standard-state conditions for voltaic cells. The standard emf, E? ,, is the emf of a voltaic cell 
operating under standard-state conditions (solute concentrations are each | M, gas pressures are 
each | atm, and the temperature has a specified value — usually 25°C). Note the superscript degree 
sign (0), which signifies standard-state conditions. 


In this series all species are arranged in decreasing order of their standard reduction potential. 
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ELECTRO CHEMICAL SERIES 
F,t2e —2»2F +2.65 
5,027 + 2-— 2507 +2.01 
Co** + e- —» Co?* + 1.82 
PbO, + 4H* + $027 +2е-——› PbSO, + 2H,0 + 1.65 
MnO, + 8H" + 5c —> Mn?" + 4H,0 + 1.52 


Au?! + 30 — Au + 1.50 
Cl, *2e —» 2С + 1.36 


CrO? +149" + 6e —»o 2Cr* + 79,0 +133 
O, - 4H' +4 — 2H,0 *1229 
Br, t 2e —92Br + 1.07 
NO; + 4H* 3c —À NO+2H,0 +0.96 


" 
2Hg?* + 2e- — Hg?" +0.92 
Cw* + + е — Cul * 0.86 
Ag’ +o Ag -0,799 
Hg?* + 2c-—+ 2 Hg +079 
Ес?'+е-—э Ес?" +0.77 
1, *2e —221 +0.535 
Си’ + е — Си +0.53 
Си2* + 2e —9 Си + 0.34 
Hg,Cl, + 2е—э2Не + 2С +027 
AgCI + e —>Ag+Ch +0222 
Си?” +е-——› Си +0.15 
Snt + 2е-—э Sn” +0.13 
2Н*+2е-—›н, 0.00 
Fe” + Зе ——> Fe ~0.036 
Pb?’ + 2e°—— РЬ -0.126 
Sn** + 2e. —> Sn -0.14 


Agl +e — Ар+ Г -0.151 
М?" + 2c —> Ni -0.25 
Co?* + 2e —» Co - 0.28 
Cd?* + 2e- — 9 Cd — 0.403 
Cr" +¢£— Сг" -0.41 
Fe™ + 2e —» Fe -0.44 
Cr* кде — Cr -0.74 
Zn** + 20 —> Zn -0.762 
2H,0 * 2c —9 H, + 20H" -0.828 
Mn** + 2e° —» Mn ~ 1.18 
А1 + 3с — А] — 1.66 
H, + 2¢° —> 2H” -2.25 
Mg + 2e —» Mg -237 
Na* + е" —» Na -271 
Ca^ - c —— Са —2.87 
Ba?’ + 2е-——› Ba -2.90 
Cs + e^ —Cs —2.92 
K'*c—K -2.93 


Li* +e —»Li ~3.03 
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Applications of Electrochemical Series : 


(а) 


(b) 


(с) 


(d) 


The important applications of electrochemical series are: 


Strength of Oxidising and Reducing Agents : 
Standard electrode potentials are useful їп determining the strengths of oxidizing and reducing agents 
under standard-state conditions. 
| 
Stan dard reduction potential 


Strength of oxdising agent « standard reduction potential 
Li is strongest reducing agent and F, is strongest oxidising agent. 


Strength of reducing agent = 


Standard EMF of a cell (Ег) : 


E" = difference in potentials of two half-cells 
E? = {standard oxidation potential of anode — standard oxidation potential of cathode} 


E? = (E? Е. (E? 


cell oxidation ) anode oxidation РЕ 
OR 
Е° = {standard reduction potential of a cathode — standard reduction potential of anode} 


0 _,0 0 
E cell ^ (E reduction cathode E (Е eduction Janode 


Predicting feasibility of a redox reaction : In general, a redox reaction is feasible only if the 
species which has higher reduction potential is reduced i.e., accepts the electrons and the species 
which has lower reduction potential is oxidised i.e. loses the electrons. Otherwise, a redox reaction 
is not feasible. In other words, the species to release electrons must have lesser reduction potential 
as compared to the species which is to accept electrons. 


To predict whether a metal can liberate hydrogen from acid or not : only those metals which 
have negative reduction potentials, can liberate hydrogen from the acids. 


Hiustration 


Sol. 


Writing the cell Reaction from the Cell Notation 

(a) Write the cell reaction for the voltaic cell 
Tl, | ТІ П Sn? ay | Sn,, 

(b) Write the cell reaction for the voltaic cell 
Zn, | Zro || Ре ‚Ре? | Pt 


iz) faq} taqi* (agi 


faq) 


(a) . Thehalf-cell reactions аге 


4 24 
Tha Ii „теп Tee Sn 


{aa} 


Multiplying the anode reaction by 2 and then summing the half-cell reactions gives 
2T1,,, + бо , —9 2T oy * Sn(s) 
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2. 


Sol. 


Sol. 


(b)  Thehalfcell reactions are 

Га,» Zn", +267. Fe" +e—> Ре о and the cell reaction is : 
+2Fe™, 

ЕТ 


Zn, + 2Fe*,, —9 Zn* 
The nature of inert electrode should be such that, when the external voltage is changed even by 
small amount from the equilibrium value, the reaction will proceed one way or the other. Most 
suitable electrode is platinum with fine coat of platinum powder or platinum black. fully specify 
the voltaic cell, it is necessary to give the concentrations of solutions or ions and the 
pressure of gases. In the cell notation, these are written within parentheses for each species. 
For example: Zn, | Zm* (1.0 M) || H* (1.0 М) | H, (1.0 atm) | Pt 


dag) П 


Write cell electrode for the following reactions : 
(a) 2MnO, + 6H* + 5H,C,O, —> 2Mn* + 8H,0 + 10CO 
(b)  Cu(OH),, —9 Cu* + 20H 
(a) Half-cell reactions are 
MnO; -8H^ + 5e —— Mn" +4H,0 
2CO, +2H* 42e —эН,СО, 
МпО; Mn”, H' | Pt and Pt/CO, |Н“ 
(b)  Half-cell reactions are 
Са(ОН), 42e —>Cu + 20H- 


хр 


Cu™ +2e° —>Cu,,, and electrodes аге 


Cu** | Cu and Pt | Cu(OH), |OH™ 


Using the standard electrode potentials predict the reaction, if any, that occurs between the 

following : 

(a) Fe" o and Г, (b) Ag’, and Cu, 

(c) Lade and Вг, (d) Ag, and Fe" s 

(e) Вг, „апа Fe? 
RII tag 

Given: E' 


"pel /Ее?* 


E? p- = +1.08У 


-40.77V, E |, =+0.54V E'.. -4080V, Е", 240.34V 
hd Ag ‘Ag Cu* Су 


c 


(a) Г... loses electrons and Fe", gains electrons. Thus 
Oxidation halfcellreaction 21 ——» I, + 2e, 9 ——0.54V 
Reduction halfcellreaction [Fe** +e ——» Fe*’] х E°=+0.77V 


Overall reaction 21- + 2Fe?* —> І, + 2Fe*, E. = 0.23V 
Since E? 


еп 


is +ve, the reaction is spontaneous i.e., the reaction does take place. 


(b) C ч loses electrons and Ав“ gains electrons. Thus 
Oxidation half cell reaction: Cu — Су" *2e, Е" = – 0.34% 
Reductionhalfcellreaction [Ар + e ——» Ag] х 2, E” = *0.80V 


Overall reaction Cu + 2Ag*——> Cu**+2Ag, E? = 0.46У 


сей 


Т i nie. pres 
Since E «а^ * VC, the reaction is spontaneous 


(c) Br- „loses electrons and Fe", gains electrons. Thus 
Oxidation half cell reaction  2Br — Br, + 2е, E°=—1.08V 


Reduction halfcell reaction 2Fe** + 2e- — Br, + 2Fe**, E" =+0.77V 


Overall reaction 2Br + 2Fe* — Br, + 2Fe*, E" =0.31У 


сеп 


Since E" 15 -ve, the reaction is non-spontancous, i.e., reaction does not take place. 


(d) Ag loses electrons and Fe", gains electrons. Thus 
Oxidation half cell reaction Ар — Ag' +e, E°=-0.80V 
Reduction halfcell reaction Ре?" -—e- ——» Fe”, Е = -0.77V 


Overall reaction Ag + Ее —» Ag’ + Fe*’, E! —— 0.03V 
Since E” y is —ve, the reaction is non-spontancous, і.е. , reaction does not take place. 


(e) Fe ed loses electrons and Br. gains electrons. Thus 


Oxidation halfcell reaction — 2Fe^ ——» 2Fe + 2e, °=— 0.77 
Reduction halfcell reaction Вг, + 2e — 2Br, E? = -1.08V 
Overall reaction 2Fe?' + Br, — 2Ре + 2Br, E? n = +0.31У 


Since E? is +ve, the reaction is spontaneous. 
cell 


Exercise 


Calculate the values for cell 


Zn, Zn; (IM) Cuj;,(IM)|Cu,, (i)cell reaction and (ii) e.m.f. of cell 
Given: E? sey = +0.35У; E... =—0.76V 
(i) Zn + Си" —э Zn™ + Cu (ii) I.11 V 


Electrode potential of the metals in their respective solution are provided. Arrange the metals in 
their increasing order of reducing power. 

КУК = – 2.93V, Ag'/Ag = + 0.80V , Hg" /Hg = +0.79V, Mg" /;Mg = – 2.37У 

Cr"/Cr = -0.74V 

Ag <Hg<Cr<Mg<K 


REDOX TITRATION 


Redox titration is another volumetric technique like neutralization titration, to determine the amount of a 
specific substance in an unknown sample. This involves oxidation-reduction reaction between the titer 
and titrant during titration. Oxidation-reduction reaction between ions in the solution can become the 
basis for the volumetric analysis, provided it fulfills the following conditions. 


(1) 
(2) 
(3 


(i) 


(ii) 


(iii) 


There is only one reaction under the given condition 
The reaction goes essentially to completion at equivalence point 
A suitable indicator (or other source) is available to locate the end point 


The number of reactions fulfilling these conditions is very large. Fortunately, however the general principles 
involved are common to all and a limited study of only a few reactions is sufficient to give a good 
understanding of the whole redox analysis. Common methods of redox analysis fall in one ofthe following 
three categories : 


A solution of substance that is readily oxidized is treated by a standard solution of a strong oxidizing 
agent. Strong oxidizing agent has good affinity for electron, to ensure the completion of reaction at 
equivalence point. The most widely used strong oxidizing agents for volumetric analysis are MnO, ion 
in acidic solution, C HOS ion in acidic solution, Ce** ion in acidic solution and MnO,” in basic solution. 


In analysis of reducing agents by titration with a strong oxidizing agent, it is necessary to pre-treat the 
sample before the titration, to ensure that all the sought sought substance is reduced to its lower 
oxidation state and to ensure that no reducing agent other that the sought material is present in the 
solution. 


For example : - The iron sample is dissolved and the solution is treated with a strong reducing agent to 
convert ferric ion into ferrous ions, if present any. The commonly used reducing agent for this purpose is 
metallic zinc, for which the reaction is 

2Fe** + Zn — 2Ее2* + Zn* 


After reduction is complete, the metallic zinc is removed from the solution, which is then titrated by a 
standard solution of KMnO, as 


MnO, + 5 Fe**+8H* э Mn? + 5 Fe** +4H,0 


If the test sample consists of a strong oxidizing agent, it may be analyzed by titration its solution witha 
solution of strong reducing agent. The reducing agents commonly used for this purpose are oxalate ion, 
ferrous ion, aresenious acid etc. 


Sample of oxidizing agents that are not fairly soluble in water may be analyzed by treating a known 
weight of the sample with a measured volume ofa standard reducing agent and after the reaction is 
complete, back titrating the excess of reducing agent in the solution with a standard solution of oxidizing 
agent. A common analysis of this type is determination of MnO, in a sample pyrolusite. A weighed 
portion of pyrolusite is treated with a measured volume of FeSO, and excess of FeSO, is then back 
titrated with a standard permanganate solution as 

MnO,* FeSO, — MnSO, + Fe** 

FeSO,(excess) + MnO, — MnSO, + Fe% 


Indirect method : Indirect titration is frequently used for the analysis of oxidizing agents. The sample is 
treated with a solution of KI, and the liberated iodine is titrated by a solution of sodium thiosulphate 
"М№а,5,0," (hypo solution), which reacts with iodine as 


1, + 28,0,* — 5,0,2 + 2 
(Applications of Redox Processes) 
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Titrations based on redox processes are called redox titrations. In these titrations Utrate’titrant are oxidising! 
reducing agents. The calculations made in redox titrations are again based on law of chemical equivalence. 
Titrate + Titrant — Products 


Мед. of titrate = meq. of titrant (at equivalent point), 

or N,V, = N,V; 

Common oxidising agents which are used in redox titration are given below : 
1. Acidified KMnO, 

2. Acidified K,Cr,O, 

3. Acidified KIO, and KBrO, 

4. Acidified Ce* salts 

5. lodine/Todide (iodimetry and iodometry) etc. 


Common oxidising agents used for the preparation of standard solutions 


use solution 


Potassium permanganate Strong acid Weakly MnO, + 8H" + 5е Mn” + H,0 Solution require 
{KMnQ,) acid or neutral MnO, +4Н°+3е - MnO; + 2Н;О Occasional 
strongly basic MnO. +e MnO,” standardization 


aes ee ae 
{K.Cr.0,) stable 


stable 


Potassium bromated Dilute acid solution BrO, + 5Вг +6H+ 3Br; + 3H,O Indefinitely 
(KBrO, + KBr) Br. + 2e 2Br stable 


Potassium iodate (KIO;) Strong HCl solution |10; +2Cl -6H «4c — 10; + ре | 
3H.0 


base solution necessary 


Titration using acidified KMnO, 

Use of KMnO, as oxidising agent in redox titrations was first made by F. Marguerette for the titration 
of Fc?* ions. It is a powerful oxidant and probably the most widely used of all volumetric oxidising 
agents. It is readily available and colour of its solution is too intense that an indicator is not ordinarily 
required and MnO, ions act as self indicator. Titrations of MnO, are usually carried out in acid 
medium, The possible reactions аге: 

Instrongly acidic medium : 

MnO, +8H*+ Se ә Mn**+4H,O 


M 15 
= ~= I3L6 
үт 


In weakly acidic or neutral medium : 


MnO, +4H* + 3е7 — MnO, +2H,O 


М 158 
= —=—— =52.6 
E 3 3 
In alkaline medium : 
MnO, +e — MnO, 
E- M =158 
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(a) 


(b) 


Among the common mineral acids H,SO,, HCl and HNO, only H,SO, is useful for providing acidic 
medium. НСІ cannot be used since Cl are oxidised to C L by KMnO,. On the other -hand HNO, itself 
acts as strong oxidising agent. 

2MnO, + LOCI + 16 H' 2 2Mn** + 5CI,* 8 H,O 

Yet KMnO, fulfils almost all the requirements ofa good volumetric oxidising agent but it has some 
limitation rR The multiplicity of possible reactions ata time, cause uncertainty regarding the stoichiometry 
ofa permanganate oxidation. Also permanganate solution have limited stability and need occasional 
stabilisation. 


Some important titrations using KKnO, are given below : 

KMnO, vs. oxalic acid : 

2 KMnO, + 5H.C.O, + 3H.SO, — K.SO, + MnSO, 10 CO, + 8H.O 
Titrant Titrate 


oxidising reducing 
agent agent 


2Mn0, + 5С,0,2-+ 16 Н" -> 2Мп?* + 10 CO, + 8 H,O 


Reaction is slow initially and needs elevated temperature but after sometime Mn** (Product) catalyse the 
reaction. (Autocatalysis) 


Medium : acidic (by H,SO,). 
End point : Light pink colour of MnO, solution, KMnO acts as self indicator. 


At equivalence point : 
(i) 2 m-mol KMnO, reacts with 5 m-mol oxalic acid. 
(ii) meq. of KMnO, = тед. of oxalic acid 


N kano, X Viuno, = Nosati acid x V 


oxalic аси 


1 


э” == ГА 
(ш) 5 xM KMnD, X Меко, а М... х V Охайс acid 


5 


KMnO,vs. Fe** ions : 
Fe% is readily oxidised by MnO, to Fe”. The reaction which takes place is given below : 


5Ее2* + MnO; + 8H* —> 5Fe** + Mn** + 8H,O 


Reducing agent and oxidising agent 

In the laboratory, for practical purposes ferrous ammonium sulphate is taken as a source of Fe™ ions. In 
the determination of Fe content in iron ores, the whole iron content present in a definite amount of its 
solution is first converted into Fe?* by using suitable reducing agent like SnCI,. 


End point: MnO, acts as self indicator and light pink colour of solution indicates end point. 
Atequivalent point : 

(i) 1 mol MnO, reacts with 5 mol Fe”. 

(i) ^ Meq. of MnO, Мед. of Fe?* 


or N kuno, x LATER x: М. = MES 


(c) 


(d) 
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or 5x Мк X Venno, = M per ХУ, 2. 


С> Noso, 75xMa o, Np = Mp) 


Fe” 
Note : If titration is being carried out with solution of ferrous oxalate then 


Fe?*——5 Fe* +e 


Fe?* + CO, — Fe + 2CO, *- 2e 


so E = 


Fe-oxalate 


M А 
3 (E= Equivalent mass) 


Estimation of Fe?* and Ее? ions in a solution : 

In this estimation, the solution is titrated twice. First without reduction in which only Ее?” reacts and 
Fe?* remains unreacted, In second step same volume of solution is taken. Fe?* ions are reduced to 
Fe?* and then then titrated. Here 


(i) In I step : Мед. of KMnO, (let х) = Мед. of Fe” 
(i) ^ Inl step: Мед. KMnO,(y) = Мед. of Fe?" + Мед. of Fe?! 
and Мед. of Fe?'(y-x) 


Analysis of sample containing oxalic acid and sodium oxalate : 
Same volume of solution are titrated separately with NaOH and KMnO, solution 


Meq. of NaOH = Meq. of oxalic acid 
and Meq. of KMnO4 = Meq. of oxalic acid + Meq. of sodium oxalate 


Titration using acidified K,Cr,O, : 
In volumetric analysis Cr,O;^ is also used commonly as oxidant yet weaker than MnO, , Ce* etc. In 
most of its applications, it is reduced to Cr’. 


Сг,0,2- + 14H* + 66 2 2Cr" + 7Н,0 


_ Moor 296 
co 6 6 
These titrations are made in 1-2 N acid solution. In neutral or alkaline medium, it is not used. In alkaline 
medium orange Cr,O, changes to yellow CrO, 7. 


E -49 


Iodometry and lodimetry 
lodine acts as mild oxidising agent and is used for titrating several analysis. The titrations are based, upon 
following half reaction 

1, +2е аә ЗЇ 
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These titrations fall into two categories : 
(a) Iodimetry : In these titrations, standard І, solution is used to titrate easily oxidisable substances 
In includes the estimations of thiosulphates, sulphite arsenite etc. 
28,0,7 + 1, > $,О * 27 
SO, + L+ H,O — SO, + 2H* + 217 
AsO,>-+ L+ H,O > AsO,- + 2H^ * 217 
Н,5 +1, —^S-«2[ +2H* 
Sn 1, > Sn**+ 217 
N,H,* 21, > N,+ 4H"+ 41 


(b) Iodometry : In idiometric titrations as oxidising agent is allowed to react with excess of KI (or I ) 
solution. The I, liberated is titrated with hypo solution. 
I, + 28,0;> э 21 +S 


I, finds use for selective determination of strong reducing agents. Availability of a sensitive and reversible 
indicator for iodine makes these titration useful. It includes the estimations of following species 
2MnO, +101 +16H* => Mn" + 51, + 8H,0 
lO, +51 +6H* => 31, + 3H,O 


Illustration 
1. KMnO, solution is to be standardised by titration against Аѕ,О (з). А 0.1097 g sample of As,O, 
requires 26.10 ml of the KMnO, solution for its titration. What are the molarity and normality of the 


KMnO, solution ? 


Sol. Мп?'+ 50€ — Mm? (Reduction) 
As, —› 2As°'+ de^ (oxidation) 


Мед. of As,O, = meq of KMnO, 


0.1097 | 1000 —26.10x N 
198 (E, o, =M/4) 
4 3 

Мемо, = 0.085 


Mio, = =0.017 


2. 100 ml solution of FeC,O, and FeSO, is completely oxidized by 60 ml of 0.02 M KMnO, in acid 
medium. The resulting solution is then reduced by Zn and dil. HCI. The reduced solution is again oxidized 
completely by 40 ml 0.02 M KMnO,. Calculate normality of FeC,O, and FeSO, in mixture. 


Sol. Consider the redox reaction 


FeC,O, : Fe* ә Fe + e (oxidation) 
(Nj) c = 2C" + 2e  . (Reduction) 
РеС,О, э Ее + 2С0, 3€ (Vf.-3) 
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100 (N, + N,) = 60 x 0.02 х 5 


(N,+N,) z3x002 | | ә 333 xis (1) 

FeSO,: Fet Fee (М.Е = 1) 
(N,) " 

KMnO,: Mn”™* + 5e —» Мп: 


The resulting solution now contains only Fe?* ions because CO, escapes out. The solution is reduced to 
Fe?* by Zn and dil. НСІ. KMnO, oxidises these Fe?* again, therefore 
meq. of Fe?' from FeC,O, + meq. of Fe?' from FeSO, = meq. of KMnO, 


N 
100 (Sew, = 40 х 0.02 х 5 


3 
N 
(Sew, -— DOS © нне: (2) 
2N, 
— 20.02 


N, = 0.03, N, = 0.03 


0.84 g iron are containing X percent of iron was taken in a solution containing all the iron in ferrous state. 
The solution required X ml ofa potassium dichromate solution for oxidation of iron content to ferric 
state. Calculate the strength of potassium solution. 


Fe Valence factor = 2 Fe** + 2e - Valence factor = Fe* 4, ^u 


by Cr, or 
(oxidation) 
6e + Cr,*' —»5 2Cr** (Reduction) 
У 0.84X ' 
Wie” 7100 (Given) 


Мед. of Fe” in solution (V.f. = 1)= meq. of K,Cr,0, 
== XN, co, (V. ҒЕе2* = 1) 


~. meq. of Fe"* in solution (valence factor = 2) =2.X.N 


or Мед. of Fe =2.X.N 
0.84X 
= —— — —x1000 = z 
100x56/2 2.X.N => N=0.15 
249 
5х сло, = МХЕ = 0.15х49 (Е = = 49) (E = Equivalent mass) 


6 


Saved /storage/emulated/0/Pictures/Touchshot/ 


42 


Sol. 


Sol. 


What was of K,Cr,O, is required to produce 5.0 litre CO, at 75°C and 1.07 atm pressure from excess 
of oxalic acid. Also report the volume of 0.1 N NaOH required to neutral the CO, evolved. 
Cr$*r6e —2Cr* 

Cj*-— 2C" *2e 


тед. of K,Cr,O, = meq. of CO, formed 
= mole of CO, x 1000 х 1 (V.f for CO, =1) 
PV 1.07x5x1000 


а api „ 19020100 
RT 0.0821x348 — 1973 


Y'69: (1000-1873 
M/6 


187.3xM  187.3x 294 
cr, CORO, AE 
ч 6х1000 6x1000 
w=9.18¢ (Мо = 294) 


со, + NaOH —> Na,CO, + H,O (V.f. for CO, =2) 


Also meq. of NaOH = meq. of CO, of valence factor 2 
0.1 x V = 187.3 х2 = 3.7461. 


2.480 g of KCIO, are dissolved in conc. HCI and the solution was boiled. Chlorine gas evolved in the 
reactions was then passed through a solution of KI and liberated iodine was titrated with 100 ml of hypo. 
12.3 ml of same hypo solution required 24,6 ml of of 0.5 iodine for complete neutralization. Calculate 
% purity of KCIO, sample. 

2KCIO, E 12 HCl > 2КС1 + 6H,0 + 6 Cl, 

Cl, + 2KI > 2KC1+I, 


Also meq. ofl, = meq. of hypo = 100 x 1 
[7 Ny, х 12.3 = 24.6 х 0.5, 2. Ny, = 1] 


100 
Alo mMofCl,- mM оѓ, = 


Es 


2xmM of Cl, 2x50 50 
AlsomM of KCIO,= ———— mas = 


6 6 3 
Wxcio 50 
—— x1000= = — E. = 2. 
122.5 3 = neon 
[milli-mole (mM) = (mass x 1000) (mol. mass)] 
= 042 
% KCIO, = x 100 = 82.34% 
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Exercise 


Ans. 


20 ml of 0.2 M MnSO, are completely oxidized by 16 ml of KMnO, of unknown normality, each 
forming Mn** oxidation state. Find out the normality and molarity of KMnO, solution 
0.5, 0.167 


BACK TITRATION 


In neutralization methods of analysis, if end point is exceeded by adding extra acid or base than required 
for neutralization, additional acid or bases left un-neutralized are determined back by titrating the 
residual solution against a standard acid or alkali. 

Consider titration ofa 25 ml solution of CH,COOH against a standard 0.1 M alkali solution. If 20 ml 
alkali is exactly required to reach the equivalence point, this gives an idea that 20 x 0.1 =2 meq of acid 
was present in the 25 ml of its solution. 


If, by mistake, end point is exceeded in the titration by adding 25 ml of alkali, the original solution will 
become alkaline due to additional 0.5 meq of base present unneutralized in the solution as shown 
below : 


CH,COOH + NaOH —> CH,COONa + H,O 
Initialmeg. — 2.0 2.5 0.0 0.0 
Final meq. 0.0 0.5 2.0 


The excess base is determined by titration them back with a known solution of standard acid viz. НСІ 
or H,SO,. 


Hllustration 


9.0 g of an ammonia solution is treated with 50 ml 0.5 N H,SO, solution, 20 ml of 0.1 N NaOH is 
required for back titration. What is the percentage of ammonia in the solution ? 


Sol тед. of acid taken initially = 50 x0.5 =25 
meq. of NaOH used up in back titration = 20 x 0.1 =2 
meq. of H,SO, reacted with NH, = 25.00 — 2.00 = 23 
= тед of NH, 
=> Mass of ammonia = 23 x 10? х 17 = 0.391 р 
=> Mass percentage of ammonia = — 9 x 100—4.34 
Exercise 
1. 1.0 gofa crude ammonium salt is treated with concentrated KOH solution and liberated ammonia is 


dissolved and collected in 50 ml 0.5 N НСІ solution. 1.5 ml 0.5 N NaOH is required for back titration. 
Calculate percentage of ammonia in the sample 
so 
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IMPORTANT VARIATIONS 


(1) 
Q) 


(3) 
(4) 


(5) 
(6) 


(7) 


(8) 


(9) 


Oxidising property 
Oxidising property 
Oxidising property 
Oxidising property 


Reducing property 
Reducing property 


Reducing property 


Reducing property 


x Tendency of accepting electron(s) 
x Electronegativity 


1 
UL ur 
lonic or atomic size 


х Oxidation number 


« Tendency of losing electron(s) 

æ Ionic or atomic size 
nå 

* Electronegativity 


1 
= Oxidationnumber 


Decreasing order of reducing strength of metals 
Zn > Fe > Pb > Cu > Ag 


Decreasing order of oxidising strength of metal ion 
Ag’ > Cu? > Pb?» Fe? > Zn? 


Order of oxidising efficiency 
F,> CL,» Br,> 1, 


Order of reducing efficiency 
> Bri > Ctr!» FA 
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Sol. 


Q2 


Ans. 
Sol. 


Q3 


Sol. 
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SOLVED EXAMPLE 


In the reaction 

Cor + MnO-, + Н? — Мп“ 24 CO, 

the reductant is — 

(A) C,0,7 (B) H* (C) MnO , (D) None of the above 

(A) 

In the above reaction C40, 72 acts as а reductant because it is oxidised to CO, as : 
C,0,7 205 2CO, * 2e (oxidation) 


Co reduces MnO, to Mn*? ion in solution. 


Oxidation number of cobalt in [Co(NH,),JC1,Br is — 
(A) * 6 (B) Zero (C) * 3 (D) + 2 
(C) 
Let the O.N.of Co be x 
O.N. of NH, is zero 
O.N. of Cl is -I 
O.N. of Br is -1 
Hence, x + 6 (0)-—1x2-1=0 
s eS 


so, the oxidation number of cobalt in the given complex compound is +3. 


Arrange the following inorder of 

a) Increasing oxidation number: MnCl,, MnO,, Mn(OH), „KMnO, 
b) Increasing oxidation number : HIO, ICI, HI, і, 

с) Decreasing oxidation number : HXO,, HXO, ,HXO.,, HXO, 


a) MnCl, < Mn(OH), « MnO, < KMnO, 
Ox. no. +2 +3 + 4 +7 
HI < L « Kl < HIO, 
b) Ox. no. +7 +5 +3 +1 
HXO, > HXO, > HXO, > HXO 
c) Ox. no. -1 0 *1 +7 


The composition ofa sample of wustite is Fe, ,,O. What percentage of iron is present in the form 
of Fe(III)? 
; | 200 
Ox. no. of Fe in wustite= '93 
Itis an intermediate value in between the oxidation state of Fe(II) and Fe(III). let 
percentage of Fe(III) in wustite Бе х then 


2x(100 — x)+(3 xx) - 29 x 100 “X= 15.05% 


Sol. 


Q.6 


Sol. 


Q.7 


Sol. 


One mole of NH, loses 10 mole electrons to form a new compound Y. 
Assuming that all the N, appears in new compound, what is the oxidation state of Nitrogen in Y ?( 
There is no change in the oxidation state of H ) 


М,Н, — (Y)+ 10e7 
(^ Y contains all М atoms) 
ДМ — (2N)* + 10e7 
-4=2х-10 
x =+3 
2, oxidation state of N in Y 15 +3 


Balance the equation : 
CrO;,-*CO;^-H'-, Cr? +С0, HO 


Reduction : Cr, O2- -› Cr? Oxidation : С,02- > СО, 


Balacing atoms other than O and H: Cr,O3- — 2Cr” 


Reactionistaking place inacidic medium 
Balancing O 


CrO} 2 2Cr? +7H,O 

Balancing H 

14+ Cr,O3 2 2Cr? + 7Н,0 

Balancing charges we get reduction half- reaction . 
бе” + 14H* + Cr,OI- 2 2Cr? + 7H,0 (1) 

Balancing oxidation reaction: 

Balancing С COF 2 2CO, 

Balancing О С,02- 5 2CO, 

Balancing charges, we get oxidation half-reaction 
C,O0i —2CO, «2e (2) 
Multiplying (2)by 3 and adding to (1) (To cancel outthe electrons ) 
C0} «14H* +3C,0}° > 2Cr? + 7Н,0 +6СО, 


Balance the equation 
Cr(OH); «10^: —F + CroO? 


Oxidation: Cr(OH), — CrOi Reduction : 10; ——>!- 
Balancing oxidation reaction : Balancing atoms otherthan H and O 


Cr(OH); —› Cro} 
Balancing О; 20H" + Cr(OH}; > CrO? +H,O 
Balancing Н; ЗОН” + 20H™ + Cr(OH), — CrO} ~ +Н,О + 3H,O 


Balancing charge : 5ОН + Cr(OH), — CrO} + 4H,O «3e (1) 
Balancing reduction reaction : 


Q.8 


Ans. 
Sol. 


Q.9 


Sol. 
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Balancing O; Юз +3H,O——> 60H" +7 


Balance thecharge бе” +10; + 3H,O——>6OH™ +1°(2) 


Multiply (1) by 2 and adding to (2) 
2CKOH), +10; + 4OH: -› 2CrO*, +5H,O +t 


Find the number of electrons released or absorbed to produce 18.6 gm aniline from nitrobenzene in 
acidic medium is 
(A) 1.2 moles released (B) 1.2 moles absorbed (C) 6 moles released (D) 6 moles absorbed 
(B) 
Balanced reaction 
_ apt i No. 779. No, 

бе +C,H,NO, +6H’ —> C,H.NH, + 2Н,0 
5 To produce 93 gm (or 1 mole) aniline absorbed number of moles of electron in above reaction = 6 
г. To produce 18.6 gm (or 1 mole) aniline absorbed number of moles of electron in above reaction 


6 
= — x18.6 ; 
93" 12 Ans. 
In the redox reaction: 
x MnO + y PbO, + z HNO, —> a HMnO, + b Pb(NO,), + c H,O 
(A) x =2,y=5,z=10 (B)x=2, y=7,z=8 
(С)х= 2,у=5,2= 8 (0) x =2, y=5,z=5 


(A) 
2MnO + SPbO, + 10 HNO, х 2HMnO, + 5 Pb(NO,), +4 H,O 


Calculate the sum of stoichiometric coefficients of products in minimum integral balanced following chemical 
reaction. 

a CrCl, + b H,O, + c NaOH —> x Na,CrO, + y NaCl + z H,O 
16 


2x(-3c ) 


[ (+6) 
Crcl, + HO, —o Na,CrO, + 29,0 


= (+) 
3х(+2е ) 


(balanced skelton) 2CrCl, + 3H,O, + 10NaOH —— 2Na,CrO, + 6H,O + 6NaCI + 2H,O 


2CrCl, + 3H,O, + I10NaOH —> 2Na,CrO, + 6NaCI + 8H,O 
=> a=2 b=3 and c=10 


Number of moles of electrons produced per mole of FeCr;O, in the following redox reaction. 
FeCr,O, + KOH + О, —9 K,CrO, + Fe,0, 
(A) 6 (B)1 (C)7 (D)3 


Saved /storage/emulated/0/Pictures/TouchShot/ 
20170809 094811 | 


48 
Sol. 


Q.12 


Sol. 


Q.13 


Sol. 


Q.14 


Sol. 


Fe? ——» Fe* +e 
Сг, —> Cr'$ + 6e 


H,AsO, + I, + H,O = H,AsO, + 2HI 

0.01 equivalent of the mentioned acid will neutralize how many grams of NaOH ? 
+3 +5 

H,AsO, + L + H,O = H,AsO, + 2HI 


п=2 


equiv. wt of H,AsO, 


Mol wt. of HASO, 126 


0.01 equiv of H,AsO, = 0.63 gm H,AsO, 
H,AsO, + 2NaOH = Na,HAsO, + 2H,O0 
126gm H,AsO, reacts 

with 80 gm. of NaOH 

0.63 gm. H,AsO, reacts 


180 
with 126 х 0.63 gm of NaOH 


= 0.4 gm of NaOH Ans. 


The equivalent weight of a metal is 36. What weight of the metal would give 9.322 gm of its 
chloride ? 
The equiv. wt. of metal = 36 
The equiv. wt. of chlorine = 35.5 
Equiv wt of metal chloride = 71.5 
71.5 gm. metal chloride contain 36 gm of metal 
9.322 gm metal chloride contain 
36 
715 
= 4,6935 gm of metal 
4.6935 gm metal give 9.322 gm metal chloride Ans. 


x 9.322 gm of metal 


In a reaction vessel, 1.184 g of NaOH is required to be added for completing the reaction. How many 
millitre of 0.15 M NaOH should be added for this requirement? 
Amount of NaOH present in 1000 ml of 0.15 M NaOH = 0.15 x 40- 6g 


6 
1 ml of this solution contain NaOH = 100 x 103 


x1.184 = 197.33 ml 


^ 1.184 gof NaOH will be present in = 
6x107 
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Q.15 What weight of Na,CO, of 85% purity would be required to prepare 45.6 ml of 0.235 N H,SO, ? 
Sol. Мед. of Na,CO, = Мед. of H,SO, 
= 45.6 x 0.235 


Ww, со, 
VES. х1000= 45.6 x 0.235 
Na,CO, 
масо, 1000 = 456х02 
106/2 зз 


Wy.,.co, = 0.5679 g 
For 85 gof pure Na,CO, , weighed sample = 100 g 


| 100 
For 0.5679 gof pure Na,CO,, weighed sample = gs 105609 = 0.66812 


0.16 Two solution of 0.1 M Сг,О,2- (aq) and 0.1 M MnO, (aq) are to be titrate Fe** (aq) separately: 
(a) With which solution, Cro? (aq) or MnO, (aq), would the greater volume of titrant (titrating 
solution) be required for a given solution of Fe?* (aq). 

(b) Ifa given titration required 24.50 ml of 0.1 МСт,0,2- (aq), how many ml of 0.100 M MnO, (aq) 
would have been required if it had been used instead ? 


Sol. Redox changes with MnO, and Cr,O,* аге: 


(а)  Fe"—Fe"-e Fe > Fe* +e 
Cr,®* 6e — 2Cr* Ма?”+5е — Mn” 


When solution containing same equivalent of Fe?*, are titrated with Cr,O-™ and MnO, separately, 


then 
тед. of Fe?' = meq. of Cr,0,7-= meq. of MnO, — 
meq. of Fe =0.1х6хуү=01х5ху, Шш... (1) 
V,(forMnO;) 6 i 
~ V,(forCr,02 )~ s 1.20 


Thus, volume of MnO; required will be 1.2 times of volume of Cr,O;?-. 


(b) To calculate Vyno; needed. Using the given data in eq. (1) 
24.5 x 0.1 x 670.1 x 5 x Vino; 
=> Vo; = 29.4 ml 


0.17 A200 ml sample ofa citrus fruit drinks containing ascorbic acid (Vitamin C, mol. wt. 176.13) was 
acidified with H,SO, and 10 ml of 0.0250 M I, was added. Some of the iodine was reduced by the 
ascorbic acid to I . The excess of l, required 4.6 ml of 0.01 M Na,S,O, for reduction. What was the 
vitamin C content of the drink in mg vitamin per mL drink ? The reactions аге: 

C,H,O, + I, — C,H,O,* 2HI 
5H,0 + $0, + 41, > 280; + 8I + 10 H* 
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Sol. 


Q.18 


Sol. 


Q.19 


L'*2e — 20 
S,7* — 256 + 8е 


У.Е. for L, and S,O,* are 2 and 8 respectively. 

Now, тед. of ascorbic acid in 200 mL solution 
7 meq. of I, used by ascorbic acid 
= meq. of I, added — meq. of I, left 
= 0.0250 x 2 x 10-0.01 x 8 x 4.6 
= 0.5 — 0.368 = 0.132 


_ 0.132xEqmass 0.132x176.13 
W^ 1000 2x1000 


E С?” -> С} +2e; -. E= У, 
= 0.0116 g/200 ml = 0.058 mg/ml 


The “saponification number" of a fat or oil is defined as the number of milligram of KOH required to 
saponify 1.0 g of fat or oil To a sample of butter weighing 2.0 g is added a 25 ml 0.5 N KOH solution. 
After saponification is complete, 8.13 ml of 0.5 N HCI is found to be required to neutralize the excess 
alkali. What is the "Saponification number" of butter ? 
Мед. of KOH added = 25 x 0.5 = 12.5 
Meq of HCI required for back titration = 4.065 
Meq of KOH used up for saponification 

= 12.5 — 4.065 = 8.435 


mg of KOH used for saponification 

= 8.435 x 56 = 472.36 
mg of KOH used for saponification of 1.0 g butter = 472,36 / 2 = 236.18 
Saponification number = 236.18 


Container-1 may contain 1 mol K;Cr;O; or І mol KMnO, in acidic medium. This container-I is mixed 
with other container-II, Ш, IV or V, duc to which Compound present in these containers undergo 
following half reaction. 


кї— 10; K,C,O, - 3H,C,0, · 29,0— СО, 
Cu,S —» Cu** + SO, NH,SCN —» SO + HCN 
KMnO K;C;0; 
егы KI CuS SEO, | | TAN 
K3Cr 0, 3150 


Container-I Container-IT Container-IIl — Container-IV— Container-V 


Column I represents the two container which are mixed. 
Column II represents the number of moles of substance which reacts with | mol of substance (may be 
KMnO, or K,Cr,O,) present in container-I. 


Ans, 
Sol. 


Q.20 


Sol. 
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Match the column I with Column-Il. 


Column І Column H 
(A) _ Container-I + Container-III (P) : 
(B) | Container-lI + Container-l (Q) : 
(C)  Container-I + Container- V (R) 1 
(D) _ Container-IV + Container-I (S) 2 


(A) P,Q; (B) R,S; (C) R,S; (D) P,Q 
(A) Сопаіпег-1 reacts with container-Il 
n factor of KI=6 


KMnO, K,Cr,O; 
1xS=xx6 1x*6=xx6 
3 7 
х= © х = 
(В)  nfactorofCu,S- 8 
KMnO, K,Cr,O, 
1x5=x=8 1x6=xx8 
a T S 
“=g ^8 4 
(C)  nfactor of K,C,O,: 3H,C,0,- 3H;0- 8 
KMnO, K,Cr,0, 
_ 5 3 
ж” AT 
(D)  nfactorof NH,SCN - 6 
KMnO, K,Cr,O, 
„5 P 
х= х= 


0.1 NK,C,O,. 3H,C,0,.4H,0 solution reacts completely with 20 ml 0.05 M of KMnO, solution in 
acidic medium. Another sample of same solution of K,C,0,. 3H,C,0,.4H,O, having same volume is 


1 
titrated with ^ M NaOH solution, then volume of NaOH solution is 


(A) 20 ml (B)30 ml (C) 50 ml (D) None ofthese 
(B) 
Redox titration 
Eq. of K,C,0,.3H,C,0,.4H,O = Eq. of KMnO, 

0.1xV  20x0.05x5 

1000 — 1000 

V=50ml 
n factor of K,C4O,. 3H,C,0,.4H,O 
for redox titration = 8 
for acid base titration = 6 
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Q.21 


Ans. 


Sol. 


Q.22 


Ans. 
Sol. 


Q.23 


Ans. 
Sol. 


0.1 
г. for acid base titration normality of K,C,O,.3H,C40, 4H,0 = т х6м 


Eq. of acid = Eq. of base 
0.1x50 6 1 Vml 


—— х6 = — 


x —— 
8x1000 8 1000 
Vml-30ml Ans. 


(NH,),PO, get converted into NO, and PH, on reacting with KMnO, in acidic medium. If 50 ml of 
0.2 M(NH,),PO, solution reacts with 16 ml of KMnO, solution, then normality of KMnO, solution is 


(A)5 (B)8 (C) 10 (D)20 
(C) 

(NH), PO, “+> NO, + PH, 

3 +5 +533 

*24 - 8 = 16 

50 x 0.2M 


n-factor of KMnO, in acidic medium = 5 
n-factor of (NH,),PO, = 16 
Eq. of (NH,),PO, = Eq. of KMnO, 


0.2x 50 Nxl16 
xil amm 


1000 ~ 1000 
N = 10 Ans. 


The number of moles of NaOH required to completely react with 20 ml of 0.1 M NaH,PO, solution 
and 40 ml of 0.1 M NaHCO,. 


(A)8 x 10? (B)2 x 10? (C) 4 x 10? (D) 6 x 104 
(D) 
Eq. of NaH,PO, + Eq. of NaHCO, = Eq. of NaOH 
20x 0.1 40х0.1 
——хЇ{+—х1Ї1=х 
1000 1000 


x76x*x10? Апз.] 


70 ml ofa solution containing HCI was treated with excess of KBrO, and KBr solution of unknown 
concentration where Br, liberated is titrated against a standard solution of 21 ml of 2M Na,S,O, 
solution. Molarity of HCI solution is 


M" ») 3 Nu Nu: 
(А) то (B) 100 (О то (D) 190 
(C) 

2BrO; + 10 Br + 12 НСІ —» 6Br, + 6H,0 + 12 CI 

Mol of Br, = = = =21 mmol 


5 
No. of eq. of Br, produced in I* Reaction = 21 x Ee 35 meq. 


Q.24 


Sol. 


Q.25 


Ans. 
Sol. 
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10 _ 
70x M x 12 =35 


M= — Ans 
h = 10 ns. 


20 ml of K,Fe(CN), solution is divided into 2 equal parts. One part is completely reacted with 10 ml of 
FeCl, solution to form KFe[Fe(CN),] & KCI. Another part of K,Fe(CN), solution is completely 
reacted with 20 ml of 0.5 M FeCl, solution to produce K.Fe[Fe(CN),] & KCI. Molarity of FeCl, 
solution is 


3 
(A) IM (B)2M (C) a M (D)4M 
(A) 
K,Fe(CN), + FeCl, —9KFe [Fe(CN),] + 3KCI 
n=3 n=3 
K,Fe(CN), + FeCl, —> K;Fe[Fe(CN),] * 2KCI 
n-2 n-2 
(MV), cw), = (MV), 
10 x M, =M, * 10 
(MV), reci, hes (МУ) су, 
10x M, =0.5 x20 


M Fech =IM_Ans. 


20 ml of KMnO, solution completely reacts with 10 ml of IM FeS, solution and 20 ml of 1 M CuS 
solution to produce Cu’, Fe?, SO,. Normality of KMnO, solution is 


(A) 57.5 N (B)6.5N (C) 11. SN (D) 8.5 N 
(C) 
KMnO, + FeS, + CuS —> Cu? + Fe? + SO, 

п= П n=6 


Eq. of KMnO, = Eq. of FeS, + Eq. of CuS 
NxV_ МУ, МУҰ... 
xn+—" xn 
1000 1000 1000 
Nx20_ _ 10x! x11 4 20x1x6 
1000 1000 1000 
_ 110+120 230 


a ды. 
20 20 Ам 


HYDROGEN & IT S COMPOUNDS 


HYDROGEN 


Itis the first element in the periodic table. The position of hydrogen is not definite in the periodic table 
because it resembles both the alkali metals as well as halogens. At the same time it differs from both in 
many characteristics. 


Occurrence : Hydrogen occurs in nature in the free as well as combined state. The earth's crust contains 
nearly 1% hydrogen by weight. In free state (H:), it occurs only in traces in the atmosphere (1 рап in 10^ 
parts by volume). It is mainly found in the combined state. Important sources are water, acids, alkalies, 


organic matter, ammonia, hydrogen sulphide, etc. 


Isotopes of Hydrogen 


() 


(ii) 


Representation 


Neutrons 
Occurrence 99 98% 


H,, D, and T, differ with respect to their properties like (i) rates of diffusion H, diffuses 1.414 times 
faster than D, and H, diffuses 1.732 times faster than T,. 

Bond energy and reactivity 

The bond energy of H — H bond is least and hence it is most reactive among the isotopes of hydrogen. 
Bond energy H, <D,<T, 

Reactivity H,>D,>T, 

This difference in the properties of isotopes which arises due to large difference in their atomic masses or 
molecular masses is called as isotopic effect. 


FORMS OF HYDROGEN 


Ordinary hydrogen exists in the form of diatomic molecule which is quite stable and very less reactive. 


Active hydrogen : It is obtained by subjecting molecular hydrogen to silent electric discharge at ordinary 
temperature and 0.5 mm pressure. This hydrogen, so produced, has great chemical activity. The half-life 
period of the active hydrogen is similar to that of atomic hydrogen (0.3 sec.) 


Ortho and Para hydrogen : When the spins of the two protons are in the same direction, the molecule 
is known as ortho hydrogen, while when the spins of protons are in the opposite directions, hydrogen 
formed is known as para hydrogen. These two allotropic forms of hydrogen are similar in chemical 
properties but differ in boiling point, specific heat and thermal conductivities. Ortho hydrogen is more 
stable than the para hydrogen. Para hydrogen mixed with atomic hydrogen gets converted into the ortho 
form. 


(а) Ortho hydrogen: 


a ERR 
RALAR 


In this molecule of hydrogen both the protons in the two nuclei spin in the same direction. 
(b) Para hydrogen : 


autom 


&9 


3. Atomic hydrogen : Molecular hydrogen undergoes thermal dissociation into atomic hydrogen at high 
temperatures and low pressures. 


H Electric are 4 
= 2 
= (200°C) Atomic - 
Molecular AH 7 * 104.5 kcal. 
hydrogen hydrogen 


and the heat is stored up in the atoms. Atomic hydrogen, thus produced, when strikes a metallic surface, 
its atoms recombine to form molecular hydrogen along with the evolution of large amount of heat. 
2H — H,* 104.5 kcal. 


Properties : 
(i) Atomic hydrogen is highly unstable (half life = 0.3 second). 
(ii) It combines readily with non metals : like S, P, As, Sb, Bi, О, апа halogens forming corresponding 
hydride, H,Oand hydracids respectively. 
CuO + 2H э Cu + H,O 
AgCl * H Ag * НСІ 


It reduces phosphorus pentoxide to phosphine 
Р.О, + 16H — 2PH, + 5H,O 
Itreduces alkali metal salts like nitrates, amides, and cyanides to free metal. 
NaNO, + H > Na + HNO, 
NaNH, + H — Na + NH, 
KCN + H — К + НСМ 


Uses : 
l. Itis used as a strong reducing agent. 
2. Itis used in the fabrication of atomic hydrogen torch. 


Z Nascent hydrogen : Hydrogen produced in contact with the substance to be reduced is called nascent 
(newly born) hydrogen. It is more active than the ordinary molecular hydrogen. 
Zn + H,SO, — ZnSO, + 2H 
Fet +H — Fe” + Н* 
(yellow) (light green) 
Some of the common sources of nascent hydrogens are 


(1) A mixture of zinc and dil. H,SO, (ti) A mixture of tin and dil. hydrochloric acid. 
(iii) Aluminium and NaOH. (iv) Electrolysis of acidified water. 


Tilustration 
E 


Hydrogen: 

(A) resembles in A since it forms mono valent cation H' 

(B) resembles in VII A (halogen family) since it forms monovalent anion H7 

(C) resembles in IV A (carbon family) since both have a half filled shell of electron 
(D)all correct 

D 

НСІ — Н has + | oxidation state so it resemble I A group property 

NaH — Н has -1 oxidation state so it resemble VII A group property 

Н (15!) due to half filled shell of electron it resemble IV A group property 


2. Hydrogen gas will not reduce 
(A) heated cupric oxide (B) heated ferric oxide 
(C) heated stannic oxide (D) heated aluminium oxide 
Ans. D 
Sol. Hydrogen gas will not reduce heated aluminium oxide because AG for this reaction is positive. 
Exercise 
Q.1  Orthohydrogen and parahydrogen have 
(A) Same electronic spin, physical and chemical properties 
(B) Parallel electronic, and nuclear spin with identical physical and chemical properties. 
(C) Different electronic spin with differences in physical and chemical properties. 
(D) Opposite electronic spin, different nuclear spin and with different physical properties 
Ans. D 


METHODS OF PREPARATION OF HYDROGEN (H,) 


By action of water with metals. 

(а) Active metals like Na, K react at room temperature. 
2M + 2H,0 +2MOH + H, 

(b) Less active metals like Ca, Zn, Mg, Al liberate hydrogen only on heating. 
2A1+3H,O 2ALO,3H, 


Lane's process: In this process, steam is passed over hot iron. Iron decomposes steam with the 

formation of magnetic oxide (Fe,O,) and hydrogen. The temperature of iron is maintained between 550 

to 800°C. This reaction is termed gassing reaction and time alloted for this reaction is about 10 minutes. 
3Fe + 4H,O — Ре,О, + 4H, 


Iron is generated by reducing magnetic oxide with water gas (CO + H. ). This reaction is called vivification 
and time alloted for this reaction is about 20 minutes. 


(a) 


(b) 


Fe304 +4CO = ЗЕе+ 4СО, 
Fe304 *4H5 — 3Fe+4H,0 


| Vivifaction 


By reaction of metals like Zn, Sn, Al with alkalies. 
Zn + 2NaOH 5Na,ZnO,* Н, 
Al +2NaOH 42H,052NaAIO,*3H, 


Si + 2NaOH +H,0— sir sigap ? Na2SiO3 + 2H; 


By action of metals with acids. All active metals which lie above hydrogen in electrochemical series, 
can displace hydrogen gas from dilute mineral acids. 
Fe + 2HCI ~» FeCl, + Н, 
Zn + 2HCI > ZnCl, +H, 
Zn + dil, H,SO, > ZnSO, + H, 
It must be noted that 
(a) Pure zinc is not used for preparation. 
(b) Conc. H,SO, is not used as it oxidizes the liberated Н, and produce SO, 


By electrolysis of water 


H,0—9*** + уон 


(cathode }(Anode) 


Atcathode: H+e>1/2 H,f 


Preparation of pure hydrogen. It can be obtained by 

(a) The action of pure dil. H,SO, on pure magnesium ribbon. 
Mg + H,SO, + MgSO, + Н, 

(b) =‘ The electrolysis ofa solution of barium hydroxide using nickel electrodes. 

(c) By the action of water on NaH. 
NaH + H,O > NaOH + H, 

(d) Very pure form of hydrogen is obtained by the action of KOH on scrap aluminum. 
2Al + 2KOH + 2H,0 ~» 2KAIO,* 3H,? 


Industrial preparation 

Bosch process - In this method water gas is mixed with steam and passed over heated catalytic mixture 
of Fe,O, and Cr, O, at 773 K when CO, and H, are obtained. The mixture is compressed to 25 
atmospheric pressure and passed into water, CO, dissolves while H, is set free. 


| CO+H 
C+ H,O __ 127 а 


H2 +CO+H20 IK, 
watergas steam Fe203,Cr203 со, + 2H, 


By the electrolysis of water containing a small amount (15 - 20%) of an acid or alkali. Hydrogen is 
liberated at the cathode (usually iron) while oxygen (a by product) is liberated at anode (usually nickel 
plated iron rod.) The anode and cathode are separated by an asbestos diaphragm which serves to 
prevent mixing of hydrogen and oxygen evolved. 


(a) H,SO, > 2H" + SO, H,O > Н” + OH” 
Atcathode: 2H*+2e — 2H; H+H—H,? 
Atanode: 40H — 40H +46; 40H э 2H,0 + 0,7 


It is important to note that sulphate ions are not discharged as their discharge potential is very much 
higher than that of OH- ions. 


(b) АКОН — 4K" + 40H” 
Atcathode: 4H* +4e — 4H; 4H — 2H, 
Atanode: 40H — 40H *4e ; 40H  2H,0 + 0,7 


Note that K* ions are not discharged at cathode because their discharge potential is high than that of H* 
ions. 


PROPERTIES 
(а) Physical Properties : 
1. Hydrogen is colourless, odourless and tasteless gas. 
2. Itis the lightest element and also lightest gas. Its density with respect to air as 1 is 0.0695. One litre of the 
gas weighs only 0.08987 gm. 
3. Itis sparingly soluble in water. 
4. Its critical temperature is very low (— 236.9°C) at or below which it can be liquefied by the application 
ofa suitable pressure. At — 258.8" it can be liquified. 
» Its molecule is diatomic, indicated by the ratio of its specific heats at constant pressure and constant 
volume (C,/C,, = 1.40). 
6. Itis adsorbed (occluded) by certain metals like Fe, Au, Pt and Pd. Palladium in the powdered state can 
occlude nearly 1000 times its own volume of hydrogen. 
Transportation. Since critical temperature of hydrogen is very low (36.1 K) it can't be liquefied easily. 
Hence the gas has to be transported under pressure in steel cylinders having almost negligible mass of 
gas. and can be transported in either of the followed ways. 
(i) In the form of hydrolith (CaH,); 1 pound of CaH, gives 16.5 ft? of H. 
(ii) In the form of anhydrous NH, in light aluminium containers which on cracking gives N, and H, 
mixture. 
(b) Chemical properties : 
l. Reactions of hydrogen are slow at room temperature but rapid at high temperatures. It is neutral towards 
litmus. It is combustible and burns in air or oxygen with nearly invisible pale blue flame. 
2H, +0, 2 2H,O 
2. Reducing property. When hydrogen is passed over heated metallic oxides, the latter are reduced to the 
respective metal. 
CuO + Н, э Cu + H,O 
d Reaction with metals and non-metals. It combines with strongly electropositive metals (active metals) 
like Li, Na and Ca to form corresponding hydrides. 
2Na + Н, > 2NaH 
Itcombines with №, С, О, halogens, S, etc. under suitable conditions to form NH,, CH,, H,O, HX and 
H,S respectively. 
4. Reaction with unsaturated compounds. Hydrogen adds on the double or triple bond in the presence of 


finely divided Ni to form saturated compounds. 
CH, = CH, + H, —Ni CH,- CH, 
Ethylene Ethane 


Illustration 


Which of the following pair will not produce dihydrogen gas- 
(A) Cu + HCl(dil.) (B) Fe +H,SO, (C) Mg * steam (D) Na + alcohol 


Ans. A 
Sol.  Thelessactive metals which lie below hydrogen in electrochemical series can't displaced hydrogen 
gas from dilute mineral acid. 
2. The incorrect option regarding the chemical reaction is 
C +H,0 —— > CO+H, со+н, +H,0 00: , co,+2H, 
(steam) ——— сє (steam) g g 
{water gas) (water gas) 
(A) Process is called Lane's process 
(B) Water gas at as reducing agent for Ғе,О, 
(C) Fe,O, shows magnetic property 
(D) Fe,O, cant be concentrate by magnetic separation method 
Ans D 
Sol Fe,O, is magnetic oxide of iron and it has a non magnetic impurities so it is concentrate by 
magnetic separation method 
Exercise 
1. When dil. H,SO, is electrolysed by using platinum electrodes the gas evolved at cathode is 
(A) O, (B) SO, (С) SO, (D) H, 
Ans. D 
2. Nascent hydrogen consists of 
(A) hydrogen ions in excited state (B) hydrogen ions with excess energy 
(C) solvated protons (D) hydrogen atoms with excess energy 
Ans. D 
HYDRIDES 
The compounds of hydrogen with metals or non-metals are called as Hydrides. They are classified into 
different types depending upon their behaviour and nature of bonding. 
(1) Ionic or Saline hydrides : Ionic hydrides or salt-like hydrides. The compounds of Hydrogen with 


more electropositive metals like alkali metals and alkaline earth metals are ionic hydrides. They are 

formed by transfer of electron from metal to hydrogen. 

For example : LiH, NaH, CaH,, SrH, etc. 

(a) They are crystalline solids. 

(b)  Theyhave high melting and boiling points. 

(c) They conduct electricity in molten state and release hydrogen gas at anode. 

(d) = They react with water and release hydrogen gas and thus act as powerful reducing agents 
NaH + H,O —> NaOH + Н, 


The thermal stability decreases with increasing size of cations. Thus 
LiH > NaH > KH > RbH > CsH > CaH, > > SrH, > BaH, 


(2) Covalent or Molecular Hydrides : The compounds of hydrogen with more electronegative elements 
or 'p' Block elements are covalent or Molecular hydrides. 
For example : НСІ, H,O, CH,, PH, etc. 
(a) . Theyare generally soft, with less melting and boiling points. 
(b = They are poor conductors of electricity. 
(c) They release hydrogen on decomposition and thus act as reducing agents. 
(d) Some of them react with water and release hydrogen gas. 
B,H, + 61,0 ——— 2B(OH), + 6H, 7 
(3) Interstitial hydrides or Metallic hydrides : The hydrogen atoms occupy the interstitial spaces of 
transition elements and hence they are interstitial hydrides. They are nonstoichiometric in nature. 
Illustration 
Б Which is not correct statement 
(A) s-block elements, except Be and Mg. form ionic hydride 
(B) Interstitial hydride are nonstoichiometric in nature. 
(C) p-block elements form covalent hydride 
(D) d-, f-block elements form ionic hydride 
Ans D 
Sol Hydrogen atoms occupy the interstitial spaces of d & f block elements& they form interstitial hydrides. 
2. Which ofthe following easily reacts with water producing hydrogen? 
(A) PH, (B) BH, (C) CH, (D) H,S 
Ans. B 
Sol. B,H,+6H,O ———» 2B(OH), + 6H, f 
Exercise 
1, Which of the following are correct О 
lae 
(A) LIH + H,O —> LiOH + Н, (В) NaH + CO, —» H-C-O Na 
(C)3Li H + NH, —э ШМ + 3H, (D) NaH + NH, —9 NaNH, + Н, 
Ans A,B,D 
2. Which of the following are correct 


Ans. 


(A) ВСІ, + МаН —э NaBH, 

(B) SiC], + LiAlH, — SiH, + NaCl + AICI, 
(C) LiH+AICI, —> LiAIH, 

(D) All ofthese 

D 


HYDROGEN PEROXIDE (H,O,) 


Structure: 


Hydrogen peroxide is best represented as an equilibrium between following two structures. 

However, all the four atoms do not lie in the same plane, i.e., the H,O, molecules is not planar but 
described as open book structure. The O-O-H bond angle is found to be nearly 101.5. The O-O single 
bond distance in H,O, is 1.48 А. 


`» 
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Tests of H,O,. 
(i) It liberates iodine from KI solution in the presence of ferrous sulphate. 
(ii) It gives orange red colour with acidified titanium oxide due to formation of pertitanic acid. 
Ti(SO,), + H,O, + 2H,0 > H,TiO, + 2H,SO, 
(ш) When brought in contact with Н.О, solution, a filter paper with black stain of PbS turns white. 
(iv) — Itdecolourises acidified KMnO, solution. 


Preparations of Hydrogen peroxide 


(1) 


(2) 


(4) 


Merck’s Method : Ма О, is gradually added to 20% ice cold H,SO, 
Na,O, + H,SO, —> Na,SO, + HO, 
Most of Na,SO,.10H,0 is crystallised out by cooling. 
By the action of CO, on an ice cold paste of BaO, 
BaO, + H,O + CO, —» BaCO, 1 + H,O, 
By the action of phosphoric acid on BaO, 
3BaO, + 2H,PO, — Ba,(PO,), 1 + 3H, О, 
Impurities (metal ions) present in BaO, are removed as their phosphates. 
Reaction of BaO,.8H,SO, with H.SO (ісе cold) also gives H,O, but the method is not used as the 
presence of H,SO, & other metal ions (impurities of BaO,) catalyse the decomposition of H,O,. 
Electrolysis of equimolar mixture of H,SO, & ammonium sulphate 
(NH,),SO, + H,SO, — 2NH,HSO, 
2NH,HSO, —» 2H* + 2NH,SO, 
Atcathode: 2Н + 2e —»5 Н, 


At anode: 2NH,SO; ——»4(NH,),S,0, «2e* 
(Amm. persulphate] 


Ammonium per sulphate is collected and distilled with water to produce H,O, 
(NH,),S,O, + 2H,O —> 2NH,HSO, + H,O, 


Auto oxidation of 2-Ethylanthraquinol 

Airis bubbled in 10% solution of 2-Ethylanthraquinol in benzene 

2-Ethylanthraquionone obtained is reduced back to 2—Ethylanthraquinol. The solution is concentrated 
by reduced pressure distillation to get 20% H.O,. 


CONCENTRATION OF HYDROGEN PEROXIDE SOLUTION 


Hydrogen prepared by any of the above methods is in the form of dilute aqueous solution. Quite often 
for a large number of reactions, we need a concentrated solution of H,O.. It cannot be concentrated 
simply by distillation since it decomposes much below its boiling point to give H,O and O, 

2H,0, —» 2H, O + O, 


Further, the process of decomposition is catalysed by the presence by heavy metal ion impurities, dust 
and rough surfaces. In view of these difficulties, concentration of H,O, is carried out carefully in a 
number of stages. 


Storage of hydrogen peroxide 


() 


(ii) 


The following precautions are taken while storing hydrogen peroxide solution. 

Hydrogen peroxide cannot be stored in glass bottles since the rough surface of glass, alkali metal oxides 
present in it, and exposure to light catalyse its decomposition. Therefore, H,O, is usually stored in 
coloured paraffin wax coated plastic or teflon bottles. 

To further ; check the decomposition of H,O,, some stabilizer or negative catalyst such as glycerine, 
acetanilide, phosphoric acid etc. Must also be added. 


Strength of hydrogen peroxide solution 


(a) 


(b) 


The strength of aqueous solution of hydrogen peroxide is usually expressed in the following two ways: 
Percentage strength : It expresses the amount of H,O, by weight present in 100 ml ofthe solution. 
Forexample, a 30% aqueous solution (w/v) of H,O, implies that 30 grams of H,O, are present in 100 
ml ofthe solution. 


Volume strength : The most common method of expression of the strength of an aqueous solution of 
hydrogen peroxide is in terms of the volume (in ml) of oxygen liberated at N.T.P. by the decomposition 
of I ml ofthe at sample of hydrogen peroxide. 


PROPERTIES OF HYDROGEN PEROXIDE 


Physical properties. 

Pure hydrogenperoxide is a thick syrupy liquid with pale blue colour. 

It has a bitter taste. 

Hydrogen peroxide is more dense ( 1.44g/cm) and more viscous than water. This is due to the reason 
that the molecules of H.O, are even more highly associated through H-bonds than H,O molecules. 

Its m.p. is 272.4 K. Since it decomposes vigorously on heating, it is not possible to determine its b.p. at 
atmosphere pressure. However, its b.p. has been determined to be 423.2 by extrapolation method. 
Itis completely miscible with water, alcohol and ether in all proportions. 

The dipole moment of H,O, is little more (2.10) than that of H,O (1.84D). 


(b) 
1. 


(а) 


(i) 


(i) 


Chemical properties. 
Decomposition: pure hydrogen peroxide is an unstable liquid and decomposes into water and oxygen 
on long standing or heating. 
2H,0, —> 2H,0 + O,; AH = — 196.0 kJ 
It is an example of auto—oxidation and auto-reduction. 
The decomposition is further accelerated by the presence of certain metal ions (e.g. Fe"), metal powders 
(Co, Au, Ag, Pt etc.), and metal oxides (c.g. MnO,). Even carbon, rough surfaces and light also catalyse 
its decomposition. р 
Acidic Nature: Pure hydrogen peroxide turns blue litmus red but its dilute solution is neutral to litmus. It 
thus behaves as a weak acid. Its dissociation constant is 1.55 х 107? at 293 К which is only slightly 
higher than that of water (1.0 х 1072). Thus, hydrogen peroxide is only a slightly stronger acid than 
water. Since hydrogen peroxide has two ionizable H-atoms, it forms two series of salts, i.c., 
hydroperoxides (acidic salts) and peroxides (normal salts). 

HO, H'*Ho; (hydroperoxide ion) 

HO 2H'«o7 (peroxide ion) 


The acidic nature of hydrogen peroxide is shown by its neutralization reaction with hydroxides 
and carbonates. 
NaOH + H,O, ———» NaNO, * H,O 


Sod Hydroperoxide 


NaOH *H,O,——o NaHO, + HO 


Sod. peroxide 
Ba(OH), + H,O, ——> BaO, + 2H,O 
Oxidising and reducing character: Hydrogen peroxide behaves as an oxidising as well as a reducing 
agent in both acidic and alkaline solutions. The oxidation state of oxygen in hydrogen peroxide is — 1. It 


can be oxidised to О, (zero oxidation state) or reduced to H,O or OH (—2 oxidation state for oxygen). 
However, hydrogen peroxide is a powerful oxidising agent but a weak reducing agent. 

Oxidising character. Hydrogen peroxide acts as an oxidising agent both in acidic as well as in alkaline 
medium. 

In acidic medium : H,O, + 2H” + 2e + 2H,O 

In basic medium : H,O, + OH-+ 2e- + 3 OH- 

Some important reactions in which hydrogen peroxide acts an oxidising agent are given below; 


It oxidises acidified ferrous sulphate to ferric sulphite 


H202 —> H20 + [О] 
2FeSO. + H;SO. + [О] - Fex(SOs)s + НО 


2FeSO, + H,SO, + H,O, > Fe,(SO,), + 29,0 


It oxidises acidified potassium ferrocyanide to potassium ferricyanide 


НгО: — H20 + [О] 
2К.{Ее(СМ&)[” + H250: + [О] -> 2Ks[Fe(CN)] + K-50: + НО 


2K,[Fe(CN),] + H,SO, + [0] -> 2K,[Fe(CN),] + K,SO, + H,O 


(ui) 


(iv) 


(vi) 


(vii) 


(viii) 


(ix) 
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It liberates iodine form acidified potassium iodide solution. 


H202 —, H20 + [О] 
2Kl + H2SO.z + [О] —› К:50; + I; * Н;О 


2KI + H,SO, + H,O, > K,SO, + 2H,O +1, 


Hydrogen peroxide oxidises ice-cold acidified potassium dichromate solution (containing ether) 
to chromium pentoxide which dissolves in ether producing a blue colouration. 


H202 > H20 + [О] 
К;Сг;О; + H2SO + 4[0] _, K;SO. + 2CrO; + Н.О 
K,Cr,O, + H,SO, + 4H,O, + K,SO, + 2CrO, + 5Н,О 
Chromium 
Pentoxide 
Chromium pentoxide is actually a peroxide having the structure 


Hydrogen peroxide oxidises lead sulphide to lead sulphate 
H203 — —H50 * [0] x4 
PbS + 4[0] ——» PbSO4 
PbS + 4H505 — PbSO; + 4H50 


Lead Sulphide ad sulph 
(Black) шыг ^а 


This reaction is used in restoring the white colour of lead paintings which have blackened due to the 
formation of lead sulphide by the action of H.S present in the air. On treatment with H.O., lead sulphide 
(black) changes into lead sulphate (white) and thus the colour of lead paintings is restored. 


Hydrogen peroxide oxidies H,S to sulphur 
H,S + H,O, > 29,0 + 5 


It oxidies sulphites, nitrites and arsenites to sulphate, nitrates and arsenates respectively. 
Na.SO, + Н.О. —— Na,SO,+H,0 
Sod. sulphite Sod. sulphate 


ко *H,0,; — KNO4 +H20 
Pot, nitrites Pot nitrate 


Na4AsO4 E H202 — Na3AsO4 + H20 
Sod. arsenite Sod. arsenate 


It oxidises manganese salts to manganese dioxide in alkaline medium. 


MnSO, + H202 + 2NaQH——>Na2SO4 + MnO; * 2H;0 
Manganese sulphate Manganese dioxide 


or Mn" + H,O, + 20H- 2 MnO, + 2H,O 


It oxidies chromium salts to chromates in alkaline medium. 


Cro(SO4 ja * 3H205 + 10NaOH ——» 2NazCrO, + 3Na,SO, * 8H,0 
Chromium sulphate Sod. Chromate 


or 2Cr" +3H,O + 100H*  2С:02- + 8H,O 


(x) 


(xi) 


(xii) 


(b) 


(i) 


(ii) 


(iii) 


(iv) 


(у) 


It oxidises formaldehyde to formic acid 


HCHO + H202 — —» НСООН + H20 
Formaldehyde Formic acid 


It oxidises benzene to phenol 


C&Hg + H202 —— CgHgOH-- H20 
Benzene Phenol 


It oxidises mercury to mercuric oxide in acidic medium 
Hg + H,O —DiH2504_, HgO + H,O 


Reducing character: In presence ofstrong oxidising agents, hydrogen peroxide behaves as a reducing 
agent both in acidic as well as alkaline medium. In all these reactions, molecular oxygen is always produced 
by the combination of H,O, with the oxygen atom released by the strong oxidising agent: 
H,O, + [0] + H,O + O, 
from oxidising agnes 

Acidic medium H,O, ^ 2H* + O, + 2e 
Alkaline medium H,O, + 20H- 2 2H,O +0, + 2е 
Some important reactions in which hydrogen peroxide behaves as a reducing agent are given below: 
It reduces acidified potassium permanganate solution. Аз а result of this reaction, the pink colour of 
KMnO, disappears. 

KMnO, + 3H;SO, — K;SO, * 2MnSO, * 3H;O + 5[О] 

H;O; + [0] > H20 + O3] х 5 

2KMnO, + 3H;SO, + 5H;O; > K;SO, + 2MnSO, + 8H;O + 50; 
Itreduces acidified potassium dichromate solution. As a result of this reaction, the orange colour of 
K,Cr,O, changes to green due to the formation of chromium salt. 

K2Cr207 + 4950. —› K2SOx + Cra(SO.)s + 4H20 + 3[0] 


H202 + [О] -> H20 + ОД х 3 
K2Cr207 + 4H;SO. + 3H202 .,K;SO, + Crz(SO;) + 7H;O + 30; 


or Cr,O? + 8H" + 3H,O, > 2Cr" + 7H,O + 30, 
Itreduces manganese dioxide to manganese sulphate in presence of dil H,SO,. 
MnO, + H,SO, > MnSO, + H,O + [0] 


НО; + [O] -, H20 + O2 
MnO; + H;SO, + H;O; — MnSO, + 2H;O + О; 


It reduces ozone to dioxygen 
Оз э O2 + [0] 
H202 + [О] ^ HO + О; 


202 + O3 => * 


Chlorine and bromine are reduced to HCl and HBr respectively. This property is called Antichlor. 
Cl2« H2 O — 2HCI + [0] 
H203 -[O] 5 H20 +02 
H 20> «Cla > 2HCI « Os 

and H202 +Br2 > 2HBr + Оз 
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Itreduces alkaline potassium ferricyanide to potassium ferrocyanide 
2K3[Fe(CN), + ЖОН > 2K 4 [Fe(CN)e] +H,0+[0] 
H2+ O2 +[0]—> H20 + O2 


K3[Fe(CN),] +2KOH+H 202 — 2K, [Fe{CN)s]+ 2H20 «0; 
Pot erricyanide Potferrocyanide 


It reduces metal oxides to metals, i.e., silver oxide to silver in the alkaline medium. However, lead 
dioxide is reduced to lead monoxide. 
Ag,O + H,O, + 2Ag + НО + O, 


PbO2+H202— PbO + H20+0> 
Lead dioxide Lead monoxide 


It reduces hypohalites to halides 
NaOBr + H,O, э NaBr + H,O + O, 
Sod. Hypobromite 
CaOCl, + H,O, + CaCr, + H,O + O, 
Bleaching powder 


Bleaching Action. 

The bleaching action of hydrogen peroxide is due to the nascent oxygen which it liberates on decomposition. 
H,O, ^ H,O + [0] 

The nascent oxygen combines with colouring matter which, in turn, gets oxidised. It is used for the 
bleaching of delicate materials like ivory, feather, silk, wool etc. 

Colouring matter + [О] — Colourless matter 


Addition reactions 
Hydrogen peroxide reacts with alkenes to form glycols. 


Uses of hydrogen peroxide 


(i) 

(ii) 
(шї) 
(iv) 


(у) 
(vi) 


(vii) 


Itis used for bleaching delicate materials like hair, silk, wool, ivory, textile, wood and paper pulp. 

It is used as an antiseptic under the name perhydrol (30% Н.О.) for washing wounds, teeth and ears. 
Itis used for restoring the colour of lead paintings which have blackened due to the action of H,S present 
in the air on lead paints. 

It is used in the laboratory for detecting the presence of chromium, titanium and vanadium salts with 
which it yields peroxides of characteristic colours. 

93% H,O, solution is used as an oxidant for rocket fuel and as a propellant for torpedoes and submarines. 
It is used as antichlor (to remove CI) in textile industry to remove excess of chlorine after bleaching 
operations. 

Itis used in the manufacture of many inorganic and organic (sodium perborate, epoxides) compounds. 
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Illustration 

1. Опе of the methods for the manufacture of H,O, involves electrolysis of 
(A) con. H,SO, (B) An alkaline solution 
(C) соп. НСІ (О) 50% H,SO, 

Ans. р 

Sol. 50% H,SO, first electrolysis then hydrolysis gives H,SO, & H,O, 


= Which one T the following reactions depicts the reducing action of hydrogen peroxide? 
(A) C,H, + H,O, — C,H,OH + H,O 
(B) O, + H0, ES 20, + H,O 
(C) 2Fe* + 2H* + H0, > 2Fe* + 2H,O 
(D) 2F + 2H* + H,O, > I, + Ro 
Ans. B 
Sol О, is better oxidising agent then H,O, so in the reaction B it shows reducing behaviour 
Exercise 
1. H,O, does not act as 
(A) Reducing agent (В) Oxidising agent (C) Dehydrating agent (D) Bleaching agent 
Ans. C 
2. The structure of Н,О, is 
(A) Linear (B) planar (C) three dimensional (D) boat type 
Ans C 
WATER (H,O) 


Volumetric and gravimetric composition of water are 2 : | and 1 : 8 (H : O respectively). Pure water is 
a bad conductor of electricity due to very low degree of ionisation. Maximum density of water is at 4°C. 
Ice floats on water because its density is less than that of water which in tum is due to the empty space 
in its crystal structure. Crystal structure of ice is regular hexagon with empty space at the centre. The 
crystal structure of ice is partly broken at 4°C. 


HARD WATER & SOFT WATER 


A water is said to be a soft water if it produces sufficient lather with the soap and water is described as 
being hard if it forms an insoluble scum before it forms a lather with soap. The hardness of natural water 
is generally caused by presence of the bicarbonates and sulphates of calcium and magnesium. 

Са? (aq) + 2C,H,.COO- (aq) —> (C,,H,,COO),Ca 


Ма?* (aq)  2C47H35COO" (aq) ——»(C47H35C00)2Mg 
Anion of soap Insduble precipitates 


Soap will not produce lather with water until all the calcium and magnesium ions have been precipitated. 
Hardness of water is of two types : 
(a) Temporary hardness (b) Permanent hardness 


(a) 


(b) 


(i) 


(ii) 


(iii) 


(iv) 
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Temporary hardness : This is duc to the presence of bicarbonates of calcium and magnesium. 
Temporary hardness in water is easily removed by boiling, as the bicarbonates decompose readily and 
the insoluble carbonates are precipitated. 


Ca(HCO3)> 8%", CaCO4 +H20+ COz 
(Insoluble) 


Mg(HCO3)2 —#°* , MgCO; « H20 « CO2 

(Insoluble) 
Temporary hardness can also be removed by Clark’s process which involves the addition of slaked lime 
[Ca(OH),]. 


2 
Ca(HCO,), + Ca(OH), —> “C3003 + 2H,0 


It is essential to add only the calculated amount of Ca(OH), because excess will cause artificial hardness. 


Permanent hardness : Permanent hardness is introduced when water passes over rocks containing the 
sulphates or chlorides of both of calcium and magnesium. This type of hardness cannot be removed by 
boiling or by the addition of slaked lime. Many substances are used for the removal of this type of 
hardness. The substances used to remove the hardness of water are known as water softeners. The 
various water softeners are : 
Washing soda : It removes both the temporary and permanent hardness by converting soluble calcium 
and magnesium compounds into insoluble carbonates. 

CaCl, + Na,CO, = CaCO, + 2NaCI 

CaSO, + Na,CO, = CaCO, + Na,SO, 


CaCO3 + 2NaHCO; 
{Insoluble) (Soluble) 


In place of sodium carbonate, caustic soda or sodium phosphate can also be used. 


Ca(HCO,), + Na,CO, = 


MgCl, + 2NaOH —› NOOM2 + 2NaCI 


Mg3(PO4 
(Insoluble 
Permutit : Permutit is the technical name given to certain hydrated silicates of aluminium and sodium. 
The sodium ions of permutit are exchanged with calcium and magnesium ions when hard water is passed 
through it. 
Na,Al,Si,O,.xH,O + Ca? —› CaALSi,O, xH,O + 2Na* 
or or 
Mg" MgALSi,O,xH,O 
These ions can be re-exchanged by treating it with brine (NaCl) solution. 
CaALSi,O,-xH,O + 2NaCI —» Na,Al,Si,O,xH,O + CaCl, 
This method is useful for the removal of both temporary and permanent hardness of water. 
Calgon : The complex salt of metaphosphoric acid, sodium hexametaphosphate (NaPO, ),, is known as 
calgon. It is represented as Na,[Na,(PO,),]. 
2CaSO, + Na,[Na,(PO,),] —» Na,[Ca,(PO,),] + 2Na,SO, 
2MgSO, + Na,[Na,(PO,),] — Na,[Mg,(PO,),] + 2Na,SO, 


3MgSO, + 2Na,PO, — 2 + 3Na,SO, 


Ion exchange resins : lon exchange resins are the most popular water softners these days. These 
resins are synthetic substances. The cation exchanger consists of granular insoluble organic acid resin 


having giant molecules with -SO.H or -COOH groups while the anion exchanger contains giant organic 
molecules with basic groups derived from amines. lon exchange resins remove all soluble minerals from 
water. The hard water is first passed through a bed of cation exchanger, which removes the cations like 
Na', Mg", Ca^ and others by exchanging with H* ions. 

2RH + Ca^ —» (R),Ca + 2H* 


Resin 


The water coming from cation exchanger is acidic on account of free H* ions. This water is then passed 
through another bed containing anion exchanger. This exchanger removes anions like CT , so? »NO3 
by exchanging with OH- ions. 
R-NH30H + CI- ——>R - NH3CI + OHT 
Resin 


The OH- ions neutralise the H^ ions. 
H“ + OH-- H,O 


illustration 


1. Chemical А is used for water softening to remove temporary hardness. А reacts with sodium carbonate 
to generate caustic soda. When CO, is bubbled through a solution of A, it turns cloudy. What is the 
chemical formula ofA 
(A) CaCO, (B) CaO (C) Ca(OH), (D) Ca(HCO,) 

Ans. C 

Sol. Са(ОН), + Na,CO, — NaOH + CaCO, + 

lo, 
CaCO, 

Exercise 

1. Permanent hardness due to Mg?* ions is best removed by- 
(A) Ca(OH), (B) Na,CO, (C) Na,CO,+Ca(OH),(D) None of these 

Ans. C 

2. Permutit is: 

(A) hydrated sodium aluminium silicate 
(B) sodium hexametaphosphate 
(C) sodium silicate 
(D) sodium meta-aluminate 
Ans. A 
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DEGREE OF HARDNESS 


The amount of hardness causing substances (soluble salts of calcium or magnesium) in a certain volume 
of water measures the extent of hardness or degree of hardness. Hardness of water is always calculated 
interms ofcalcium carbonate although this is never responsible for causing hardness of water because of 
its insoluble character. The reason for choosing CaCO, as the standard for calculating hardness of water 
is the ease in calculation as its molecular weight is icy 100. 

Thus the amount of various hardness causing substances in terms of CaCO, can be calculated on the 
basis of the following relations. 


(i) 1 gm mole or 162 g of Ca(HCO,), = 1 gm mole or 100 g of CaCO, 
(ii) 1 gm mole or 111 g of CaCl, = | gm mole or 100 g of CaCO, 

(iii) 1 gm mole of 136 g of CaSO, = 1 gm mole or 100 роѓ CaCO, 

(iv) I gm mole or 146 g of Mg(HCO,), = = 1 gm mole or 100 g of CaCO, 
(v) I gm mole or 95 g of MgCl, = 1 gm mole or 100 g of CaCO, 

(м) I gm mole or 120 g of MgSO, = 1 gm mole or 100 g of CaCO, 


Thus the various types of hardnesses іп a water sample may be calculated as below. 
Temporary hardness = Hardness due to Ca(HCO,), + Hardness due to Mg(HCO,), 
Permanent hardness = Hardness due to CaCl, + due to CaSO, + due to MgCl, + due to MgSO, 


Degree of hardness is usually expressed as parts per million (ppm) and thus may be defined as the 
number of parts by weight of CaCO, (equivalent to calcium and magnesium salts) present ina million 
(106) parts by weight of water. In short, 

1 ppm = 1 part of CaCO, in 106 parts of water 


From the above definition, we can say that 


IMgSO, = [CaCO, IMgCl, = 1CaCO, 
120 ppm 100 ppm 95 ppm 100 ppm 
1CaSO, = 1CaCO, 1СаС1, = 1СаСО, 
136ррт 100ррт П ppm 100 ppm 


Ex.1 Determine the degree of hardness of a sample of water containing 30 ppm of MgSO,. 
Sol. 1 MgSO, = ICaCO, 

120 ppm = 100 ppm 

30 ppm = 25 ppm 


HEAVY WATER (0,0) 


Heavy water was first discovered by chemist Urey. 

Methods of preparation : Following are the methods to prepare heavy water (D,O). 

[1] By Fractional Distillation of water : The boiling point of ordinary water is 100°C and the boiling point 
of D,O is 101.42°C. Therefore, fractional distillation of water is performed in 40 ft high fractional 


columns. This process is repeated several times. Lighter part of water is removed on distillation and 
remaining part is basically heavy water (D,0). 


I2] 


[3] 


Fractional Freezing : In this method heavy water and ordinary water are separated by fractional 


freezing, because freezing point of water is 0°C and freezing point of heavy water is 3.82°C. 


Electrolysis of Water : In this method, 99.5% heavy water is obtained after five steps on repeated 
electrolysis of NaOH solution in ordinary water. 


PROPERTIES 


2. 


[b] 


[el 


Id] 


Physical Properties : Heavy water is colourless, odourless and tasteless liquid. Its physical constants, 
like specific gravity, viscosity, melting point, specific heat, are higher than those of ordinary water while 
surface tension is lower. Solubility of compounds in heavy water is lower as compared to that in ordinary 
water (approximately 15% lower) 


Chemical Properties : Chemical reaction of H,O and D,O are same О-Н bond of H,O is more polar 
than O-D bond of D,O. Therefore the chemical reactions of D,O are relatively slower as compared to 
those of H,O. 


With Alkali Metals : Heavy water liberates D, on reaction with metals, like Na, К, Ca, etc. 
D,O + 2Na ——» 2NaOD (Sodium deuteroxide) + D, 
Electrolysis : D, is liberated on electrolysis of heavy water. 
2D,0 ——> 2D, +0, 
With Acid Anhydrides : Acids are formed on reaction with acid anhydrides, like SO, and P4O.. 
SO, + D,O ——» 0,50, (Deuterosulphuric acid) 
With Metal Oxides : Metal oxides, like Na,O, form metal deuteroxides on reacting with heavy water. 
Na,O +D,0 ——9» 2NaOD (Sodium deuteroxide) 
With Carbides : They form deuterated hydrocarbons. Thus, calcium carbide reacts wtih heavy water 
to liberate deuteroacetylene. 
CaC, * 2D,O ——> Ca(OD), + C,D, (Deuteroacetylene) 
With Nitrides : Heavy ammonia is liberated 
Mg,N, + 6D,O ——» 3Mg(OD), + 2ND, 


Uses of Heavy Water : 


[а] 
[5] 
[c] 


As moderator in nuclear reactors, 
Electrolysis of heavy water is done for the production of deuterium. 


In the form of a tracer in the studies of mechanism of biochemical reactions in living beings. 
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Tilustration 


1. In which of the following NaCl is more soluble 


16 18 16 x 
О 1 


o o 
(дун “н (B n^ “н сур Np (D D/ Np 
Ans A 


o 6 


Sol. u^ Е Н due to bond energy of O - Н is least. 


Exercise 


1. Deutero methane ts obtained by the deuterolysis of 
(A) МЕМ, (B) CaC, (C)ALC, (D) Ca,P, 
Ans C 


2. Heavy water (0,0) is 
(A)A product of oxygen and hydrogen 
(B) Water of mineral springs 
(C) Water obtained by repeated distillation and condensation 
(D) Ordinary water containing dissolved salts heavy metals 
Ans. C 
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Q.1 


Ans. 


Sol. 


Q.2 


Ans. 


Sol. 


Ans. 


SOLVED EXAMPLES 


Whena substance A reacts with water, it produces a combustible gas B and a solution of substance C in 
water. D reacts with this solution C and produces the same gas B on warming. D can also produce gas 
B on reaction with dilute H,SO,. A imparts a deep golden yellow colour to smokeless flame. A, B, C 
and D respectively are 


(A) Na, H,, NaOH, Zn (B)K, H,, KOH, Al 
(C) Ca, H,, Ca(OH),, Sn (D) CaC,, С,Н,, Ca(OH),, Fe 
(A) 
2Na +2H,0 —» 2NaOH + H, 
(А) (С) (В) 
Gives golden yellow 
colour to flame Zn(D) warm 


Zn + Н,50, —»ZnSO, + H, 
(D) Dilute (B) 


What is false about HO, ? 

(A) Acts both as oxidising and reducing agent 
(B) Two OH bonds lie in the same plane 

(C) Pale blue liquid 

(D) Can be oxidised by O, 

(B) 

Two О-Н bonds lie in the different planes. 


In which of the following reactions does hydrogen act as an oxidizing agent ? 

(A) H, +F, — (B)H,+ SiCl, — ^ (C)Na+ H, — (р) СиО + H,— 

(C) 

The reaction in which hydrogen accepts the electron or its oxidation number changes from 0 to —1, it acts 
as an oxidizing agent. 2Na + H, — 2Na' H ] 


When H,O, is added to ice cold solution of acidified potassium dichromatic in ether and the contents 
are shaken and allowed to stand 

(A) a blue colour is obtained in ether due to formation of Cr,(SO,), 

(B) a blue colour is obtained in ether due to formation of CrO, 

(C) a blue colour is obtained in ether due to formation of CrO, 

(D)chromyl chloride is formed 


(B) 
Се + 2H” + 4H,0, > 2СтО, +5H,O 
à 4 Биа сек 7 


Mass percentage of deuterium in heavy water is 


(A) same as that of protium in water (B) 11.1 
(C) 20.1 (D) cannot be predicted 
(C) 


The formula of heavy water is D,O, i.e., molecular mass = 20 


4 
% of deuterium = 2? 0 20 


Q.10 


Ans. 
Sol. 
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2 g of aluminium is treated separately with excess of dilute H,SO, and excess of NaOH. The ratio of 
volumes of hydrogen evolved under similar conditions of pressure and temperature is 

(A)2:3 (B)1:1 (C)2:1 (D) 1:2 

(B) 

2Al + 3H,SO, > AL(SO,), + 3H,; 

2Al + 2NaOH + 2H40 — 2NaAIO, + 3H, 

Thus ratio of volumes of hydrogen evolved is 1 : 1 


In which reaction, hydrogen peroxide neither acts as an oxidising agent nor a reducing agent ? 
(A) PbS + H,O, ә» (B)SO,*H,O,— (С) РО, + HO, (D) Na,CO, + H,O, > 
(D) 

Н,О, behaves as an acid when reacts with Na,CO,. 

Na,CO, + H,O, — Na,O, + CO, + H,O 


Which one of the following reactions does not form gaseous product ? 
(A) PbO, + HO, —^ (B)PbS+H,O,—> (С) СІ, + Н,0 —> (D) Na,CO, + H,O > 
(B) 
PbS + 4H,0, — PbSO, + 4H,O 
{Solid} (Liquid) 


What is the degree of hardness of a sample of water containing 24 mg of MgSO, (molecular mass 120) 
per kg of water? 
(A) 10 ppm (B) 15 ppm (C) 20 ppm (D)25 ppm 
(C) 
24 mg of MgSO, present in 103 g of water 
106g water will contain = 24000 mg of MgSO, = 24 g of MgSO, 
120 g of MgSO, = 100 g of CaCO, 


100 
So  24gofMgSO, - 120 155 X24 = 20 g of CaCO, 
Hardness of water = 20 ppm 


In alkaline medium, H,O, reacts with Fe™ and Mn?* separately to given 
(A) Fe**andMn** (В) Ее2* апа Мп“ (С) Ее2* апа Мп“ (0) Ее** and Mn 
(С) 
K,Fe(CN), is reduced by H,O, in alkaline medium. 
2K 3Fe(CN), * 2KOH +H, 30, э 2K,Fe(CN), + 2H,0 + О, 
Mn(OH), is oxidised by I 1,0, i in alkaline medium 
Mn(OH), + H,O, > MnO, + 2H,0 
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CHEMICAL EQUILIBRIUM 


INTRODUCTION 


Whenever we hear the word Equilibrium immediately a picture arises in our mind an object under the 
influence of two opposing forces. For chemical reactions also this is true. A reaction also can exist ina 
state of equilibrium balancing forward and backward reactions. 


Symbolic representation of any chemical change in terms of reactants and products is called chemical 
reaction. 


Types of chemical reaction : 


(a) 


(b) 


(с) 


(4) 


On the basis of physical state 


Homogeneous reactions 


All reactants and products are in same phase 
N,(g) + 3H,(g) = 2NH,(g) 


On the basis of direction 


@ 


Reversible reaction 

Chemical reaction in which products 
can be converted back into reactants 

Н, + L = 2HI 

Proceed in forward as well as backward 
direction 

These attain equilibrium 

Reactant are never completely 
converted into products 

Generally thermal dissociations are held in 
closed vessel 

PCI (g) = РСІ, (е) + CL(g) 


On the basis of speed 


(i) 


Fast reactions 


Generally these reactions are ionic 
in nature 


НСІ + NaOH — NaCl + H,O 
Acid Base Salt Water 


On the basis of heat 


(i) 


Exothermic reaction 

Heat is evolved in these type of chemical 
reactions 

R— P+x kcal 


Heterogeneous reaction 
Reactants and products are in two or more phase 
Zn(s) + СО (2) = ZnO(s) + CO(g) 


Irreversible reaction 

Chemical reaction in which products cannot 
be convert back into reactants 

Zn + H,SO, — ZnSO, + H, 

Proceed only in forward direction 


These do notattain equilibrium 

Reactants are nearly completely converted 
into products 

Generally thermal decompositions are held 
in open vessel 

2KCIO,(s) + 2KCI(s) + 3О (2) 


Slow reactions 
Generally these reactions are molecular 
in nature 
H, +1, > 2HI 


Endothermic reaction 

Heat is absorbed in these type of chemical 
reactions 

R— P-x kcal 


It is an experimental fact that most of the process including chemical reactions, when carried out in a 


closed vessel, do not go to completion. Under these conditions, a process starts by itself or by initiation, 


continues for some time at diminishing rate and ultimately appears to stop. The reactants may still be 


present but they do not appear to change into products any more. 


EQUILIBRIUM AND ITS DYNAMIC NATURE 


(1) _ Definition : "Equilibrium is the state at which the concentration of reactants and products do not change 
with time. i.e. concentrations of reactants and products become constant." 


(2 Characteristics : Following are the important characteristics of equilibrium state, 


() 


(i) 


(ii) 
(iv) 


(у) 


Products 
t 
c 
Ё 
E 
5 Reactants 
< 


Time emm 


Equilibrium state can be recognised by the constancy of certain measurable properties such as 
pressure, density, colour, concentration etc. by changing these conditions of the system, we can 
control the extent to which a reaction proceeds. 


Equilibrium state can only be achieved in close vessel, but if the process is carried out in an open 
vessel equilibrium state cannot be attained because in an open vessel, the reverse process may 
not take place. 

Equilibrium state is reversible in nature. 

Equilibrium state is also dynamic in nature. Dynamic means moving and at a microscopic level, 
the system is in motion. The dynamic state of equilibrium can be compared to water tank having 
an inlet and outlet. Water in tank can remain at the same level if the rate of flow of water from 
inlet (compared to rate of forward reaction) is made equal to the rate of flow of water from 
outlet (compared to rate of backward reaction). Thus, the water level in the tank remains constant, 
though both the inlet and outlet of water are working all the time. 


Atequilibrium state, 


ғ Equilibrium 
F d State 


Rate of forward reaction = Rate of backward reaction 


Rate of reaction = 


(3) Types: Equilibrium inasystem implies the existence of the following types of equilibrium simultaneously, 


(i) 
(1) 
(ш) 


(iv) 


Thermal equilibrium : There is no flow of heat from one part to another i.e. T = constant. 
Mechanical equilibrium : There is no flow of matter from one part to another i.e. Р = constant. 
Physical equilibrium : It is a state of equilibrium between the same chemical species in different 
phases (solid, liquid and gaseous) 

Chemical equilibrium : There is no change in composition ofany part of the system with time. 


Physical equilibrium. 
The various equilibrium which can exist in any physical system are, 
Solid => Liquid 
Liquid ==> Уарошг 
Solid ==> Gas(vapour) 
Solid ==> Saturated solution of solid іп а liquid 
Gas(vapou) === Saturated solution of gas in a liquid 
Solid-liquid equilibrium 


(1) 


(2) 


H,O(s) => H,O (liquid) 
Rate of transfer of molecules from ice to water = Rate of transfer of molecules from water to ice 
Rate of melting of ice = Rate of freezing of water 
Liquid-vapour equilibrium : When vapour ofa liquid exists in equilibrium with the liquid, then 
Rate of vaporisation = Rate of condensation, 


H,O (liquid) ==> H,O (vapour) 


Conditions necessary for a liquid-vapour equilibrium 


(i) 
(ii) 


(iti) 


(3) 


The system must be a closed system i.e., the amount of matter in the system must remain constant. 


The system must be at a constant temperature. 


+ cnm 


ч Condensation 


Rate —— 


The visible properties of the system should not change with time. 


Solid-vapour equilibrium : Certain solid substances on heating get converted directly into vapour 
without passing through the liquid phase. This process is called sublimation. The vapour when cooled, 
gives back the solid, it is called disposition. 


Solid — = Vapour 
The substances which undergo sublimation are camphor, iodine, ammonium chloride etc. 


For example, Ammonium chloride when heated sublimes. 


NH, Cl (solid) — NH Cl (vapour) 


(4) 


(5) 


Equilibrium between a solid and its solution : When a saturated solution is in contact with the solid 
solute, there exists a dynamic equilibrium between the solid and the solution phase. 


Solid substance <> Solution of the substance 


Example : Sugar and sugar solution. In a saturated solution, a dynamic equilibrium is established between 
dissolved sugar and solid sugar. 

Sugar (solid) => Sugar (aqueous) 
Atthe equilibrium state, the number of sugar molecules going into the solution from the solid sugar is 
equal to the number of molecules precipitating out from the solution, i.e., at equilibrium, 
Rate of dissolution of solid sugar = Rate of precipitation of sugar from the solution. 


Equilibrium between a gas and its solution in a liquid : Gases dissolve in liquids. The solubility ofa 
gas in any liquid depends upon the, 

(1) Nature of the gas and liquid. 

(11) Temperature ofthe liquid. 

(11) Pressure of the gas over the surface of the solution. 


Characteristics of chemical equilibrium : 


(a) 


(b) 
(c) 


(d) 


(e) 


It is a dynamic equilibrium i.e. at this stage, reaction takes place in both the directions with same 
speed so, there is no net change. 


At equilibrium the reaction proceeds both the side, equally 

At equilibrium, both reactants and products are present and their concentration do not change with 
respect to time, 

The state of equilibrium is not effected by the presence of catalyst : It only helps to attain the 
equilibrium state in less or more time. 

Change in pressure, temperature or concentration favours one of the reactions and thus shifts 
the equilibrium point in one direction. 


RATE OF REACTION 


In a reaction , there is change in concentration of reactant or product per mole in unit time, it is known 
as rate of the reaction. 


. (—) change in concentration of reactant dc 
Rate of reaction n = dt reactant 


Here negative sign indicate that concentration of reactants decrease with time. 


| change in concentration of products dc 
Rate of reaction = + —— esses tt 


“| product 


time 


Here positive sign indicate that concentration of products increase with time. 


Note : The concentration change may be positive or negative but the rate of reaction is always positive. 


mole/lit, mole 
сес litsec 


Unit of rate of reaction — = mole lit! sec"! 


For example A> B 


d|A ' — 
For reactant > — ala] [concentration decrease with time] 


d[B] 


For reactant > + E [concentration increase with time] 


[d [A], d [B] are change in concentration of A & B in time dt] 
At equilibrium, since there is no net change in concentration of reactant or product. 


So rate of reaction is zero. 
d[A]. alB] — 0 (At equilibri 
uu ua Жо (At equilibrium) 


LAW OF MASS ACTION 


(a) This law was given by Guldberg and Waage. 


(b) At a given temperature, the product of the concentration of products each raised to the corresponding 
stoichiometric coefficients in the balanced chemical equation divided by the product of the 
concentrations of the reactants raised to the corresponding stoichiometric coefficients has a constant 


value. 
A+B=SC+D 
Rate of chemical reaction г х [A] [В] 
г =K [АЈ [B] 
Mathematical Expression 
(i) For unitary stoichiometeric coefficients 


At the constant temperature, let us consider the following reversible reaction. 
A+B=~CtD 

According to law of mass action - 

Rate of forward reaction 
r-<[A](B] ог r= КАЈ [B] 

where K,is the rate constant of the forward reaction. 


Rate of backward reaction 
r«[C][D] or ry 7 K, [C] [D] 
where K, is the rate constant of the backward reaction. 


Atequilibrium: 
Rate of reaction = Rate of forward reaction — Rate of backward reaction = 0 
K;,[A] [B] - K,[C] [D] * 0 


or Xr _ 1010) 
K, АЈ] 


_ [CI [D] 
aud [А18] 


Here, k is equilibrium constant of given reversible reaction. 
(1) For non-unitary stoichiometric coefficient 
nA * njB => m,C * mjD 
с" 
NEUE 
" [AP [Bl 


Note : [A], [B], [C], [D] are molar concentration of reactants and products, for dilute solution. 


EQUILIBRIUM CONSTANTS, K,, К, , K,.& К, 


There are various methods for measuring equilibrium constant in terms of concentration, pressure, mole 
fraction. 


(i) Equilibrium constant in term of concentration 
Consider an equilibrium reaction as 


X(g) + Y(g) = Z(g) 
For this reactions, which is in equilibrium, there exist an equilibrium constant (K „) represented as 


MUN 
Sa [xtv] 


For the given equilibrium, irrespective of the reacting species (i.e. either X + YorZorX + ZorY ^ Z 
[2] 
or X+Y+Z)and their amount we start with, the ratio , Rly] isalways constant at a given temperature. 


The given expression involves all variable terms (variable term means the concentration of the involved 
species changes from the start of the reaction to the stage when equilibrium is reaches), so the ratio 


[z] 
[x] [v] can also referred as К... 


(ii) 


И 

ст [ХУ] 
Thus, for the given equilibrium, it seems that K „and K, are same but in actual practice for some other 
equilibrium, they are not same. 


Equilibrium constant in terms of pressure 
Assuming that the gases, X, Y and Z behave ideally. 


PV=nRT 
P=— RT=CRT 
=> RI 
бы. 
С RT 


Р, 
IX] кт: [Y]7 Rr and [Z] = 


Р, 
RT P, xRT 
E ENR Py x Py 
RT JA RT 
ге Р, 
RT Р, xP. 


The LHS of the above expression is a constant since K „ R and T, all are constant. This implies that RHS 
is also a constant, which is represented by K,- 
Р, 
AK- Py xP, 


Thus, expression of K, involves partial pressures of all the involved species and represents the ratio of 

partial pressures of product to reactants of an equilibrium reaction. 

If the phase of reactant X from gaseous to pure solid. Then the equilibrium reaction can be shown as 
X(s) + Y(g) = Z(g) 

Its equilibrium constant ( К.) would be 


ш: 
«^ (ХЈУ 


The concentration of X is the number of moles of X per unit volume of solid. As we known, the 
concentration of all pure solids (and pure liquids) is a constant as it is represented by d/M (where d and 
M represents its density and molar mass). This ratio of d/M will be a constant whether X is present 
initially orat equilibrium. 


[z] [z] 


Ka [X] = [ү] 7 к= [ү] 


(iii) 


Thus expression of K involves only those species whose concentration changes during the reaction. 


The distinction between Кед and K, is that the expression of Keq involves all the species (whether they 
are pure solids, pure liquids, gases, solvents or solutions) while the K,. expression involves only those 
species whose concentration is a variable (like gases and solutions). Thus, expression of K,. is devoid of 
pure components (like pure solids and pure liquids) and solvents. 


Z 
Since, LHS of the expression is a constant, so the ratio р would also be a constant, represented by 
i 
K,. 
Р, 
Ке Р, 
Equilibrium constant in terms of both concentration & pressure 


Consider the following equilibrium 
X (sol.) + Y(g) = 7(в) + A(g) 


Z||A 
Ке [x][v] 


If concentration of X, Y, Z and A is expressed in terms of partial pressures 


P (рї) 
_\кт)\кт Р;хЁ, 


P,xP 


The LHS of the expression is an constant (as К, К and T all constant), which implies that the RHS will 
also be a constant. But RHS of the expression can neither be called K, (as all are not partial pressure 
terms) пог К, (as all are not concentration terms), so such expression that involves partial pressure and 
concentration terms both are reffered as К, .. 
Е P; xP. 

Ke [x], 
Thus, K, can exist only for that equilibrium which satisfies these two conditions. 
(a) At least one of the reactant or product should be in gaseous phase and 


(b) No component of the equilibrium should be in solution phase (Because when solution is present, the 
equilibrium constant would be called K,,.) 


(iv) Equilibrium constant іп terms of moles fraction (К, ): 
A +t BC + D 
Mole fraction atequilibrium X, X, Xe X, 
K, = Ххх 
(o XQXXg 


CHARACTERISTICS OF EQUILIBRIUM CONSTANT 


(i) The expression for equilibrium constant, К is applicable only when concentrations of the reactants and 
products have attained their equilibrium values and do not change with time. 
(ii) The value of equilibrium constant is independent of initial concentration of the reactants and product. 
(ш) ^ Equilibrium constant has one unique value fora particular reaction represented by a balanced equation at 
a given temperature. 
(iv) ^ Theequilibrium constant for the reverse reaction is equal to the inverse of the equilibrium constant for the 
forward reaction. 
H,(g) + L(g) => 2Hl(g) 
oe 
P^ Py, Pi, 


2HI(g) == H,(g) + L(g) 


Kp 
(у) _ Theequilibrium constant K, fora reaction is related to the equilibrium constant of the corresponding 
reaction whose equation is obtained by multiplying or dividing the equation. 
H,(g) + L(g) === 2HKg) 


1 1 
z Н(8) + 5 L(g) — HKg) 


Ры 
р = pi’? pl? = JK, 
(vi) Ifreaction is performed in multiple steps 
А > В; overall reaction 


Step-1 : A(g) — = C(g)+ D(g) Ky, 
Step-2 : C(g) —— E(g) кь, 
Step-3 : D(g) + E(g) > B(g) к, 


A(g) == B(g) K,  thenK,- Kp Kpr К, 
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Factors which do not influence equilibrium constant : 

(a) Concentration of reactants and products. 

(b) Pressure and volume. 

(c) Presence of catalyst. 

(d) Addition of the inert gas at constant Pressure and volume. 


Factors which influence the equilibrium constant : 
A. Mode of representation of chemical reaction. 
B. Stoichiometry of reaction. 
c Temperature. 


A. Mode of representation of reaction — 
If we take reaction 2НІ == Н, +1, 


Then, we write the value of equilibrium constant Kc, for the above reaction as following. 


[Н2]!2] 
Ke, = Gt rrr (i) 


Now, if we take reaction Н, + L == 2НІ 
Then, we write the value of equilibrium constant Кс, for above reaction as following 


_ D " 
2 5 нл Ke 07007 @) 


Kc 


B. Stoichiometry of the reaction — 
Method of writing the equation of the reversible reaction is called as stoichiometry of the reaction. 
Now, we consider the formation of HI(g) by the combination of H,(g) and L(g). 
H,*1,-5— 2HI 
The expression of its equilibrium constant is- 
_ Mf 
C = 
[9201] 
If the equation of above reaction is written by following method — 


5 Hg) + 5 L(g == НЩ) 
The expression for the equilibrium constant is — 
[HI] 
= = Bn 
on the basis of comparing both the equilibrium constant equation. 
Kc, = Kc, ог (Kc, )'? 


Kc 


2 

Note : When we divide a reaction by a factor 'n' in the equation, the value of new equilibrium 

constant is equal to the root of n of the previous equilibrium constant. 

For Example – Suppose, the equilibrium constant for the following reaction. 
A+B => C+ р is Ку then 


(а) 


(b) 


(c) 
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for the reaction 
1 1 1 1 
-— + — — — + — 
n A n BI n c n D 
the value of the equilibrium constant К, is equal to пук, or (K,)'. 


K, = К!" 


Temperature — 

Increase in temperature favours the endothermic reaction and decrease in temperature favours the 
exothermic reaction for the forward reaction so for exothermic reactions, the value of K, and к 
decrease with rise in temperature while for endothermic reactions, the value of K, and К, increases 
with rise in temperature. This type of variation in equilibrium constant with temperature given by 
Van't Hoff equation as follows - 


âH ТТ 
log К, E log К, = 2303В ӨЙ > 
Ko АН: [3-3 
or юк, = 330 | Т, 


Where, 
K, = equilibrium constant at temperature T, 
K, = equilibrium constant at temperature T, 
AH = Energy of reaction of constant temperature 


R = Molar gas constant 
According to the temperature, reaction are of three types. 
Non-thermic reaction means AH = 0 
log K, — log К = 0 
log K, = log K, 
There is no effect of temperature on this type of reaction. 
Endothermic reaction => AH = ( + ) ve 
log К, — log К, = (+ ) ve, 
means K, > K, 
On increasing of temperature, equilibrium constant will also increase for this type of reaction. 
Exothermic reaction => AH = ( — ) ve 
log К, - log К, = (- ) ve, 
means K, < K, 
On the increase of temperature equilibrium constant will decreases for exothermic reaction. 


Units of Ke and К 


The concentration is expressed in the term of moles per litre. Therefore, units of K, will be (moles 
litre-! An. 
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In the same way, partial pressure are measured by the unit of atmospheres and therefore units of 
К, will be (Atmospheres). 


0 


>0 (Moles F! [(atm)^ne 
«0 (Moles /-1)^" |(atmy*"2 


Relation between K, and Ko 


Let us consider the following reaction 


The value of к. for the reaction is, 


_ сүрү" 
Ke5 AME 


According to gas law PV = n RT 


= no. of moles _ | у = Active mass 


Here 2% 
v lit. 
_ (PcY" (po)? 


К. = 
Р (рл )"" (Pg)? 


on putting the value of 'p' in the formula of K, by the equation (1) 
di ы (1С) RT)" (IDJRT)"* 
Р ([AJRT)" (BIRT)? 
[C] [D]? (RT 
[АЈ" [By"2 (RT)™ 2 


Kp — Ke (RT) ®!+**®2)-(м+а)) 


ms 
K, = K,(RT) 
[An = (m, + m,) - (n, + п,)] 
An, = number of moles of gaseous products — number of moles of gaseous reactants, 
T =Absolute temperature. 
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Illustration 


1. At 700 K, the equilibrium constant Kp, for the reaction 
2S0,(g) == 250, (g) + О, (в) 
is 1.8 x 10? kPa. What is the numerical value of Ke for this reaction at the same temperature- 


(A) 3.09 х 107? mole litre! (B) 9.03 x 107? mole litre! 
(C) 5.05 x 10^? mole litre! (D) 5.05 x 1075 mole litre! 
Ans. A 


Sol. We know the relationship 
Kp = КОЕТ)" 
Here Кр = 1.80 x 10? 


= 18x10" in 
p 1013 “ 


= 1.78 х 10^? atm 
R = 0.0821 litre atm К^! mol"! 
An =3-2=1 
T =700K 
Ke —— 1478x105 
Kc = (RT)" ^ 008215700 
= 3.09 x 1077 mole litre". 


Exercise 


1. Equilibrium constant К, for the reaction 
CaCO,(s) = CaO (5) + CO, (g) is 8.21 atm at 727°C, 
if 10 mole of CaCO (s) is placed in a 10 L container, what is the weight (in gm) of CaO formed at 
equilibrium. 
Ans. 0056¢ 


2. The value of Кү. for the reaction N,(g) + 3H,(g) = 2NH,(g) ; is 0.50 at 400° C. What will 
be the value of Kp at 400°C when concentration are expressed in mole litre"! and pressure in 
atmosphere- 

(А) 1.64 x 104 (B) 2.80 x 10-9 (C) 2.80 x 107 (D) 1.64 x 10% 

Ans A 


APPLICATIONS OF EQUILIBRIUM CONSTANT 


Consider some applications of equilibrium constant and use it to answer question like: 
(1) predicting the extent ofa reaction on the basis of its magnitude. 


(ii) predicting the direction of the reaction. 


@) 


(ii) 


Predicting the extent of a reaction 

The magnitude of equilibrium constant is very useful especially in reactions of industrial importance. An 
equilibrium constant tells us whether we can expect a reaction mixture to contain a high or low concentration 
of product(s) at equilibrium. (It is important to note that an equilibrium constant tells us nothing about the 
rate at which equilibrium is reached). In the expression of K- or Къ, product of the concentrations of 
products is written in numerator and the product of the concentrations of reactants is written in denominator. 
High value of equilibrium constant indicates that product(s) concentration is high and its low value 
indicates that concentration of the product(s) in equilibrium mixture is low. 


Н, (g) + Br,(g) = 2HBr(g) 


i EC C A" 
rt к: ж... 


The large value of equilibrium constant indicates that concentration of the product, HBr is very high and 
reaction goes nearly to completion. 


Similarly, equilibrium constant for H,(g) + Cl,(g) = 2HCI(g) 
is very high and reaction goes virtually to completion. 


n 


y, НО r 
с [H;)[CI;] 
Thus, large value of Kp or Кү. (larger than about 10°), favour the products strongly. For intermediated 


values of K (approximately in the range of 10? to 109), the concentrations of reactants and products 
are comparable. Small values of equilibrium constant (smaller than 1072), favour the reactants strongly. 


At 298 К for reaction, N.(g) + O,(g) = 2NO(g) 


= 4.0 x 10°! 


(NOP _ 
Ке” Inao] 748 107 


The very small value of K,. implies that reactants N, and O, will be the predominant species in the 
reaction mixture at equilibrium. 


Predicting the direction of the reaction. 


The equilibrium constant is also used to find in which direction the reaction will proceed fora given 
concentration of reactants and products. For this purpose, we calculate the Reaction Quotient (Q). The 
reaction quotient is defined in the same way as the equilibrium constant ( with molar concentrations to 
give Qo or with partial pressure to give Q,) at any stage of reaction. For a general reaction: 


n,A*n, B Z— m, C * m, D. 


Q.- [CI [D]: 
С [AI[BI? 
Then, іо >К, , the reaction will proceed in the backward direction 
if Q,.< K the reaction will move in the forward direction 
ifQ.=K,, the reaction mixture is already at equilibrium. 
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In the reaction, Н.(в) + L(g) = 2Hl(g), ifthe molar concentrations of H, , L and HI are 0.1 mol L- ! 
respectively at 783 K, then reaction quotient at this stage of the reaction is 


[H]? — (ол _ 
9с= Hath] (010.2) ^? 


K, for this reaction at 783 К is 46 and we find that О, < K,.. The reaction, therefore, will move to right 
i.c. more H,(g) and L(g) will react to form more HI (g) and their concentration will decrease till 
Qe = Ke. 


DEGREE OF DISSOCIATION 


Degree of dissociation is the fraction ofa mole of the reactant that underwent dissociation. It is represented 
by 'a' 
no. of moles of reactant dissociated 


9 7 no. of moles of reactant present initially 


For example, 
Let the equilibrium reaction is the dissociation equilibrium of NH, into №, and Н,. 


1 3 
NH, (g) ==> 2 N, (g) + 2 H,(g) 
Moles initially a 0 0 


аа, 3aa 


Molesat equilibrium a(1-a) tae me 


Here, a represented the degree of dissociation. 


Illustration 


1. 2.56 gm of sulphur S, (s) is taken which is in equilibrium with its vapour according to reaction, 
S.) = 5 (в) 
if vapours occupies 960 mf at 1 atm & 273 К then the degree of dissociation of S(s) will be 
[Given : R=0.08] 


(A) 0.5 (B) 0.55 (C) 0.4 (D) 0.44 
Ans. B 
Sol n, = 59 = 0.01 
01. _ = 8x32 =U. 

5,(5) — 8 S (g) 

0.01(1—a) 8x 0.01 ха 

PV=nRT 

1 x 288 = (0.01х8ха)х0.08х 273 

1000 
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Exercise 
1. Two moles of ammonia was introduced in an evacuated vessel of 1 litre capacity. At high temperature 
the gas undergoes partial dissociation according to the equation : 


2NH,(g) === N,(g) + 3H,(g) 
At equilibrium the concentration of ammonia was found to be 1 mole. What is the value of ‘Ke’? 


=? 
- 


Ans. 1.7 mol? £ 


Calculation of Kp & Ko 
(a) Homogeneous equilibrium in gaseous phase 


(b) Homogeneous equilibrium in solution phase 


(c) Equilibrium constant for various heterogeneous equilibrium 


(a) Homogeneous equilibrium in gaseous phase 
Formation of Nitric Oxide : (An = 0) 
A. Calculation of Кү: — 
Suppose the initial concentration of N, and O, is a and b respectively. x is the degree of dissociation. 
N, + O0, == 2NO 


Initial moles a b 0 

moles at equilibrium (a-x) (b-x) 2x 
ИР 1 (а – х) (b - x) 2x 

Active mass (mol /*) uA Em V 


Here, V is the volume of container in litre. 
According to the law of mass action 


МОЈ? _ 


Kc = роз] 


Substituting the values in the above equation Kc. = 


4x2 


K= ух) 


K, for this reaction is independent of V of the reaction container. 
B. Calculation of Кр: 
All the things being same as above, except pressure. Let P atmosphere is the pressure at equilibrium. 
N, + (uL 2ND 
Initial moles a b 0 
moles at equilibrium — (a-x) (b-x) 2x 


Total no. of moles = (a—x) + (b-x) + 2x = (a+b) 


The partial pressure of the above three species can be calculated as below- 


(a- x)P 
Pur = аты) 
, 5-Р 
E = (a+b) 
(2x)P 
Ро = (a+b) 
According to the law of mass action 
Es Mun _ 
P [Py Po, 


substituting the value Of Po , Py, , Po, in the above equation of Kp - 


| or) 
= (a+b) 
Ke = f(a-xP][t-xP 
(a+b) (a+b) 
4x? 
Kp = (a-xyb-» 
Thermal Dissociation of Phosphorus pentachloride- (An > 0) 
А. Calculation of Ko - Suppose one mole of PCI, is take in a closed container of V litre. 
Further at equilibrium x mol of PCI; dissociated 
Initial moles 1 0 0 
moles at equilibrium (1-x) x x 
Concentration (mol /-!) 2-8 = = 
у v у 
According to law of mass action 
_ [РС!][С!2] 
С [РС] 


Substituting the values in the above equation. 
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The formula of Кү. has V in the denominator, hence the equilibrium will be affected by V of the 
reaction container for the given reaction. 


If x << I then 1-х = 1 
2 
x 
So, К. = — 
c " 
В 

x = Kew 
x? x v 
x x xv 


If we increase the volume, the dissociation x is also increased. 


B. Calculation of Kp - 


PCI; pum EGI + Cl, 
initial moles ] 0 
moles at equilibrium 1-х x X 


Total no. of moles at equilibrium, 
(1-х) +х+х = (1 +x) moles 
According to law of mass action 


Е Pret, хРа, 
Р Ре, 

„Ашу xxP 
At equilibrium Peg, = (1+ х) 

ххР 

Pot, = (1+ x) 

I (1- xP 

Ms 5 (dae 


Substituting the values in the above equation of K, - 


End EJ 
_ (14x J 14x 


Kp (1- x) xP 
{1+ x) 
2 
x*P 
Kp 1- x? 
The equation of K, is not independent of pressure. 
suppose, x << | thn 1-х? = 1 
K, -x?P 
2.2. 
= P 
Ч 
Р 
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1 
X x — 


The degree of dissociation of PCI, is inversely proportional to the square root of pressure so, 
decrease of pressure increases dissociation of PCI. 


Formation of Ammonia — (An « 0) 


A. 


Calculation of Кү: — 
N, * 3H, == 280 
Initial moles 1 3 0 
moles at equilibrium (1-х) (3-3x) 2x 
‚ 1-х 3-3x 2x 
Active mass (mol /-!) (==) EJ E 


According to law of mass action 


[NH3]? 
INz]IHz* 
Substituting the values in the above equation- 


(2) i 
Кет e 


Kc = 


p p 
С (1-xX3-3x)? 
4x2y2 
Ke = ———4. 
27(1- x) 


The formula of Kọ has V in the numerator, hence the equilibrium will be affected by V of the 
reaction container. 


Dependence If, x << I then, (1—x)*- 1 


4x? v? 
KL. - c. 
C 27 
2852 27K, 
4v? 
1 
x? oc v? X 
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B. Calculation of Kp : 
N, + ЗН, == 2NH, 
Initial concentration 1 3 0 
moles at equilibrium (1 - x) (3 — 3x) 2x 
Total number of moles at equilibrium 
= (I-x)*(3-3x)*2x = (4 – 2х) 


According to the law of mass action 


ENG y 
P (Ри )х(Ри,)? 


fat е (2x).P 
At equilibrium Рын, = (4 — 2x) 
(1- x).P 
PN, = (4 – 2x) 
P = (3 - 3x).P 
H2 — (4-2x) 
Substituting the values in the above equation of K,. 
2x : 
(5 - ^J 
Kp = 1-x 3 -3x ? 
P - x ^l -2x Р) 
4х2(4-2х} 


Sp = (1-3) G-3x)p? 
PUMDR. p? 
27(1- x)*P 
The equation of K, is not independent of pressure 
suppose, х << 1 then, 
(1x)! = 1 
and (2- х)? = 4 


64х2 


27Р? 
х2 х Р? 
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Illustration 


Ata certain temperature (T), the equilibrium constant (K,.) is 1 for the reaction 

N,(g) + 3H,(g) = 2NH,(g) 

If2 moles of N,, 4 moles of H, ,6 moles of NH, & 3 moles of inert gas are introduced into a two litre 
rigid vessel at constant temperature T. It has been found that equilibrium concentration of H, & NH, are 
equal then what is the equilibrium concentration of N, (in M)? 


Sol. Q.= үг = 1-125 
99 
> Qc > Ку. so reaction will proceed in backward direction. 
Nig) + 3H, (g) = 2NH,; 
at equilibrium : 2 +x 4t 3x 6—2x 
At equilibrium [H,(g) ]  [NH,(g)] 
4+3x  6- 2x _ 
CERE —x-04 
* LI one „> X 
^. [N,(g) Ја equilibrium = =>1.2M 
Exercise 
1. At certain temperature pure PCI, (2) is found to be 25% dissociated at total pressure of 50 atm. At what 
total pressure it is 50% dissociated at same temperature. 
(A) 10 atm (B) 20 atm (C) 15 atm (D) 30 atm 
Ans. A 
(b) Homogeneous equilibrium in solution phase 


Formation of ethyl acetate 


Equilibrium is represented as 

C.H (OH)(/) + CH,COOH(/) = CH,COOC,H,(/) + Н,О(/) 
Initial moles 1 1 0 0 
Moles atequilibrium 1-х I-x x x 


1 
Activemass(mol/") —— — 


< 
< 
zx 
<1х 
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x x 
[cH,cooc,H,][H,0] ET E 
Ke= (с,н,он|[сн,соонј Ке (=x) (=x) = й-х)@-х) 
V V 
Illustration 
1. Determine the amount of ester present under equilibrium when 3 moles of ethyl alcohol react with 1 mole 


of acetic acid, when equilibrium constant of the reaction is 4. 
Sol. CH,COOH + C,H,OH = CH,COOC,H, + H,O 


1-х 3-х х x 
V V у V 


3x- 16x + 12-0 
x = 0.903 
Amount of ester at equilibrium = 0.903 mole 


(c) Equilibrium constant for various heterogeneous equilibrium 
Heterogenous equilibrium results from a reversible reaction involving reactants and product that are in 
different phases. The law of mass action is applicable to a homogeneous equilibrium andis also applicable 
toa heterogeneous system. 


(a) Decomposition of solid CaCO, into solid CaO and gaseous CO, 
Let ‘a’ moles of CaCO, are taken іп a vessels of volumer ' V' litre at temperature ‘T’ К. 


CaCO,(s) == CaO(s) + CO.(g) 


Moles initially a 0 0 
Molesatequilibium а-х x X 
[cao] [co 2 | 
Ка= [СаСО, 


As CaCO, and СаО($) аге pure solids, so their concentration is unity 
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Assuming CO, gas to behave ideally at the temperature & pressure of the reaction, the molar concentration 


P 
a ; со, 
of CO, сап be written using ideal gas equation as RT 


Р, со, 
= RT 


K (RT)= Poo, 
Since K,, R and T are constant, their product will also be a constant referred as К. 


Р xRT 
ОПОТ" я à à )— — Gio (2) 


IHlustration 


1. At87°C, the following equilibrium is established: 
H,(g) + S(s) = H,S(g), К. = 8 x 10? 
If 0.3 mole hydrogen and 2 mole sulphur are heated to 87°C in a 2 L vessel, what will be the partial 
pressure of H,S approximately at equilibrium. [Use R = 0.08 atm.L/ mol. К] 


(A)0.32 аіт (B) 0.43 atm (C) 0.62 atm (D) 4.0atm 

Ans. A 
[H5S(g)] E 

me BOT тн ee 

0.024 — 0.08 = x 

0.024 = 1.08 x 

0.022 x 0.08 x 360 

х = 0.022 Pas =. = =0.32 atm 
Exercise 
1. Equilibrium constant К, for the reaction 


CaCO,(s) = CaO (s) + CO, (g) is 0.821 atm at 727°C, 
if one mole of CaCO (5) is placed in a 10 L container, what is the weight of CaO formed at equilibrium. 
(A)56 gm — (B)5.6gm (C) 0.56 gm (D) 0.056 gm 
Ans. B 


MULTIPLE EQUILIBRIUM 


In multiple equilibrium the product molecules (s) in one equilibrium system are involved in a second 


equilibrium process. 
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A(g)+B(g) = C(g) - D(g) Ke 7 [^][B] 
C(g) + E(g) = F(g) + G(g) чы” [С][Е] 


Overall reaction : A(g) + B(g) + E(g) ==> D(g)+ F(g)+ G(g) Ке, 


In this case, one of the product molecule, C(g) of the first equilibrium reaction combines with E(g) to give 
F(g) and G(g) in another equilibrium reaction, so in the overall, C(g) will not appear on either side. 


The equilibrium constant Ke, ) of the overall reaction can be obtained if we take the product of the 


expression of Ik. Р (к. J 


1919), Ele) Бу) 
Ka «Ke = [Affe] * [СЕ] = (afete) 
Kc x Kc, = Kc 


Ifa equilibrium reaction can be expressed as the sum of two or more equilibrium reactions, the equilibrium 
constant for the overall reaction is given by the product of the equilibrium constant of the individual 
reactions, 


SIMULTANEOUS EQUILIBRIUM 


In simultaneous equilibrium more than one equilibrium are established in a vessel at the same time and 
any one of the reactant or product is common in more than one equilibrium, then the equilibrium 
concentration of the common species in all the equilibrium would be same. 
For example, if we take СаСО ($) and C(s) together in a vessel of capacity *V" litre and heat it at 
temperature ‘T’ K, then CaCO, decomposes to CaO(s) апа CO,(g). Further, evolved CO, combines 
with the C(s) to give carbon einem Let the moles of CaCO, and carbon taken initially be ‘a’ and ‘b’ 
respectively. 

CaCO(s) = CX + СО (g) 
Molesatequilibrium а-х (x-y) 

СО) + C 6) = 2CO(g) 
Molesatequilibrium (х-у) (b-y) 2y 


Thus, as CO, is common in both the equilibrium so its concentration is same in both the equilibrium 
constant expression. 


Equilibrium constant for first equilibrium, Kc, = У 


— — [сор (уру _ ay! 
Equilibrium constant for second equilibrium, Kc, = [co,] > убу)" E [n 
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EQUILIBRIUM CONSTANT AS PER KINETICS 


According to the kinetic theory of gases, in any gaseous system, different gas molecules travel with 
different speeds. The molecular collision with low energy can never cause bond cleavage and hence 
can not result the product formation. Only those molecular collision result the formation of product in 
which the molecules collides with a certain minimum energy. 


Threshold energy -The minimum amount of energy, which the colliding molecules must posses in order 
to make the chemical reaction to occur, is known as Threshold energy, E, 

Activation energy -The minimum amount of energy required to make active participated of almost all 
moleculesina reaction is called Activation energy, E... The activation energy is equal to E, — Eg, where 
E, is the average energy level of reactant molecules. 

Activation energy for forward reaction = Threshold energy — Potential energy of reactants 


The activation energy of reaction depends on the nature of reactant and temperature. It decreases with 
increase in temperature but the decrease is so small that it is normally considered temperature independent. 


E, = Threshold energy 

E, = Activation energy of forward reaction 
E,= activation energy of backward reaction 
P, = Potential energy of reactants 

P, = Potential energy of products 


Reaction Co-ondinaics ———99 


К, 
Ale) => B (g) * C(g) 


-d[A] 
=, 7 KA] - K, (BI [C] 
sess NA] 
At equilibrium E ia 0 
к, [ВИС] к 
K, [A] | 
According to Arrhenius equation 
where k=A>- e ^T : A : pre-exponential factor 
КА е Fair ^ ET E, : activation energy 


Ay 
k-2A-e MH RT A= P» 
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where AH = Exp -E 


aib) 
AH 

In K,=InA- RT, (at temp T,, K=K,) 
AH 

InK,=InA- ЕТ, (at temp T,, К = К.) 


CALCULATION OF DEGREE OF DISSOCIATION BY VAPOUR DENSITY MEASUREMENT 


Reactions in which there is a change in the number of moles after dissociation, the extent of 
dissociation can be determined by vapour density measurement. 


Consider the following reaction - 
POL IL POL + CL 


Initially 1 0 0 

molesat (1-— а) a q 

equilibrium (‘a' is the degree of dissociation ) 
Total number of moles at equilibrium = (1- о) +а+а = (1 +a) 


У is the volume occupied by 1 mol оЁРСІ,(5) which have vapour density is 'D' before dissociation 
and after dissociation is 'd'. Under the same conditions, the volume occupied by (1 + а) moles at 
equilibrium would be (1 + a) V litre. 


. 1 
Density =: Vaa 


1 1 


uen da Grav 


1 


у D -d 
d 


or > = 1 = (1 +a) or a = 
/(1*a)V 


Molecular mass = 2 x Vapour density 


M,-M, 
SO Q = M 


where M, = calculate molecular mass 
M, —observed molecular mass 


Note : When one mole of reactant on dissociation gives 'n' moles of gaseous products. 


A => mB 
Initial moles 1 0 
Moles after dissociation l-a na 


Total moles of equilibrium 1 — a + na = 1 + a(n-1) 
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D i(n-1)o D-d .1 (D-4) 


Illustration 


1. М.О, on decomposition gives NO and NO,, they are found to be in equilibrium at 300 К. If the vapour 
density of such an equilibrium mixture is 23.75, calculate percentage by mass of N,O, in the equilibrium 
mixture? 

(A) 80% (B) 60 % (C) 40% (D) 20% 

Ans. C 

Sol N,O, = NO + NO, 


D-d 38-2375 


| Qt Q 


wt.of N,O, 
Mass % of N,O, in the equilibrium mixture = сү %100 
= ee. ME x100 = 40 % 
0.6х30+0.6х46+0.4х76 


Ехегсіѕе 

Р If PCI, is 80% dissociated at 250° C then its vapour density at room temperature will be 
(A) 56.5 (B) 104.25 (C) 101.2 (D) 52.7 

Ans. B 


GIBB'S FREE ENERGY AND EQUILIBRIUM CONSTANT 


Gibb's free energy (С) ofa system is defined as the thermodynamic quantity of the system, the decrease 
in whose value during a process is equal to useful work done by the system. 

Standard free energy change is defined as the free energy change for a process at 298 К and 1 atm 
pressure in which the reactants in their standard state are converted to products in their standard state. 
It is denoted as AG". 


Note : Standard free energy change (АС?) is not the free energy change at equilibrium. 
AG" is related to K (equilibrium constant) by the relation 
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AG" =—RTIn К. 

AG? = — 2.303 RT log K. 

К may either be К orK,. 

The units of AG? depends only on RT. T is always in Kelvin, and if R is in Joules, AG? will be in joules 
and if R is calories then AG? will be in calories. 


Hilustration 


NO and Br, at initial partial pressures of 98.4 and 41.3 torr, respectively, were allowed to react at 
300K. At equilibrium the total pressure was 110.5 torr. Calculate the value of the equilibrium constant 
and the standard free energy change at 300 К for the reaction 2NO(g)+ Br.(g) = 2 NOBr(g). 


Sol. 2NO(g) * Br(g = 2NOBr (g) 
Initial pressure 98.4 41.3 0 
х 
Atequilibrium 98.4-x 41.3- 2 X 
Total pressure at equilibrium is 110.5 torr 
x 
2. 98.4-x + 413-5 +х = 110.5 
х = 58.4 torr 
Now, | atm = 760 torr; ~. x = 7.68 х 107 atm 
P one = 7-68 х 10° atm; р, = 98.4-x = 40 torr = 5.26 x 107? atm 
X 
Pon 741.3- > = 12.1 torr= 1.59 x 10? atm 
Pisos] (7.68x 072} 
Кт (5.26> o?) h f a) = 134 atm" 
[p(NO)F |. | 526x107] (1.59х10 
AG? =— 2.303 RT log К = – 2.303 (1.99) x 10? (300) (log 134) 
=—2.92 kcal=12.2kJ. 
[If R is used as 1.99 cal/mol К, then AG? will be in cal. If R is used as 8.314 J/mol K, then AG" will be 
in joules. But К, must be in (atm)""] 
Exercise 
l. For the reaction takes place at certain temperature NH,HS (s) = NH,(g) + Н, (g), 
if equilibrium pressure is X bar, then А G° would be 
(A) -2RT In X (B)-RTIn(X-1n2) (C)-2RT(In X-In2) (D) None of these 
Ans C 
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LE CHATELIER PRINCIPLE 


Chemical equilibrium represents a balance between forward and reverse reactions. In most cases, this 
balance is quite delicate. Changes in concentration, pressure, volume and temperature may disturb the 
balance and shift the equilibrium position so that more or less of the desired product is formed. There is 
a general rule (named Le Chaterlier principle) that helps us to predict the direction in which an equilibrium 
reaction will move when a change in concentration, pressure, volume or temperature occurs. Le Chatelier’s 
principle state that ifan external stress is applied to a system at equilibrium, the system adjusts in sucha 
way that the stress is partially offset. 

The word "stress" here implies a change in concentration, pressure, volume, addition of an inert gas or 
temperature that removes a system from the equilibrium state. 


Le Chatelier principle can be explained using the following equilibrium reaction 
РСІ.(в) = PCI,(g) + CL(g) 


Let the moles of PCI., PCI, and Cl, at equilibrium be a, b and c respectively, Also let the volume of the 
container in which equilibrium is established be * V" litre and the total pressure of the system at equilibrium 
be P, atm. 


b 
(a Pa) ЭЕ 53 


K,= 
Pra} eR) 
at+b+c 
bex P, 
кс а(а+Ь+с) — (1) 


The total pressure of the system (Р) can be given as (assuming all gases at equilibrium behave ideally 
under the given conditions) 


(a 4 b c) RT 
ECT 
mE: 
(a+b+c) V 


Inserting the value of ( 


T А — 
= +b+c) in equation (1), we get 


_ bex RT 
^. аху 


Let us examine the effect of change of certain parameters like moles of reactant, moles of product, 
volume, temperature, addition of inert gas and addition of catalyst on the given equilibrium. 


(а) 


(b) 


(c) 


(d) 


Change in number of moles of reactant 


If we add *d' moles of PCI, to the equilibrium mixture, the equilibrium would be disturbed and the 
_ bexRT "m 
expression (a+d)v becomes Q,. As О, < K, so the net reaction moves in the forward direction till Q, 


becomes equal to К,. 


Thus for any equilibrium, when more reactant is added to (or some product is removed from) an 
equilibrium mixture, the net reaction moves in the forward direction (as О < K) to establish a new 
equilibrium state. 


Change in number of moles of product 

Let *d' moles of PCI, (or Cl,) are added to the equilibrium. The equilibrium would be under stress and 

(b+d)exRT 
xV 

reverse direction till Q, becomes same as K,. 


thus the expression would become О. Since Q, > K, so the net reaction moves in the 


Thus for any equilibrium, when product is added to (or some reactant is removed from) an equilibrium 
mixture, te net reaction moves in the reverse (backward) direction (as Q > K) to establish a new 
equilibrium state. 


Change in volume 
Let the volume ofthe container be increased from V to V' litre. The equilibrium would be disturbed and 


.. bexRT а А 
the expression E becomes Q,. The value of Q, is less than K,, so the net reaction moves in the 
forward direction to establish new equilibrium. But when the volume ofthe container is decreased, the 
reaction moves in the backward direction to again attain the equilibrium state. 


Thus for any equilibrium, on increasing the volume of the container, the net reaction shifts in the direction 
of more moles of the gases while on decreasing the volume of the vessel, the reaction goes in the 
direction of fewer moles ofthe gases. 


Addition of an inert gas 


The effect of addition ofan inert gas can be studied under two conditions (i), at constant volume (ii) at 
constant pressure. 


At constant volume 


Let *d* moles ofan inert gas are added to the equilibrium mixture at constant volume. The total number 
of moles ofthe system increases so is the pressure of the system but the partial pressure ofall the species 


р, АТ 
would still be same. Let the total pressure becomes P,’ then Бый ҮС As R, T and V are 


.  bexRT s 
constant, so the expression Ета would still be equal to K,. As, Q, = K, then net reaction does 


not move at all. 


Thus for any equilibrium when an inert gas is added at constant volume, the equilibrium remains 
unaffected whether the equilibrium reactions have An equal to zero or non-zero. 


(i) 


(e) 


(f) 
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At constant pressure 


Now, let *d' moles ofan inert gas are added to the equilibrium mixture at constant pressure to keep the 
pressure constant, volume ofthe vessel should increases. Let the volume of the vessel increases from V 


. . bexRT > 
to V’ litre. So, the expression теа becomes Q,. As the value of Q, < K,, so the net reaction moves 
in the forward direction to establish new equilibrium state. Thus, addition of an inert gas at constant 
pressure has the same effect as produced by the increased volume of the container. 


Thus, for equilibrium having An = 0, when an inert gas is added at constant pressure, the equilibrium 
remains unaffected (since V does not appear in the expression of K,) while for equilibrium having 
An #0, the addition of an inert gas at constant pressure causes reaction to move in the direction of more 
moles ofthe gases. 


Addition ofa catalyst 


A catalyst enhances the rate ofa reaction by lowering the reactions’ activation energy. Actually a catalyst 
lowers the activation energy of the forward reaction and the reverse reaction to the same extent, so the 
presence of a catalyst does not alter the equilibrium constant nor does it shift the position of an 
equilibrium system. Adding a catalyst to a reaction mixture that is not at equilibrium will simply cause 
the mixture to reach equilibrium faster. 


Change in temperature 
If K, increases, the net reaction moves forward while if К, decreases, the net reaction moves backward. 


The variation of K, with temperature is given by Van't Hoff equation as 


| a T [+-+] here T, > T 
E Ky т 2.303R [T Т,] ег” i 
All reactions are either endothermic or exothermic in nature. For an endothermic reactions, AH is positive 
and with an increase in temperature of the system to T, K from T, K, the RHS of the expression 


becomes positive. Thus, equilibrium constant at higher temperature к. ) would be more than the 


equilibrium constant at lower temperature га ) 


But for an exothermic reaction, AH is negative and on increasing the temperature of the system from 
T, K to T, К, the RHS of the expression becomes negative. So the equilibrium constant at higher 
temperature would be less than equilibrium constant at lower temperature. 

The give equilibrium, PCI. (g) == PCI,(g) + Cl (g) is endothermic in nature. So, with the increase of 
temperature from T, K to T, K, K, and Q, both increases. Therefore, equilibrium shifts in the forward 
direction. 

Thus, for an endothermic reaction (AH = positive), with the increase of temperature, net reaction moves 
in the forward direction and the decreases in temperature favours backward reaction while for an 
exothermic reaction (AH = negative), net reaction moves in the backward direction with the increase of 
temperature and in forward direction with the decrease temperature. 
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(g) 


In general, with the increases of temperature, net reaction moves in that direction where the heat 
is absorbed and the effect of increasing temperature is nullified. 


Change in more than one parameter 
For the given equilibrium, if the number of moles of PCI, is increased four folds and the volume of the 


4bxcxRT 
vessel is doubled, then the equilibrium would be disturbed. The expression Tr would becomes 


Q,- Since Q, > K, so the net reaction moves in reverse direction till О, becomes equal to K,. 


Thus, when two or more parameters are simultaneously changed for any equilibrium, find the 
changed value of Q and K and compare them. If Q — K, there will be no effect on the reaction, if Q 
> К, the net reaction moves in the backward direction. While if Q < К, net reaction moves in the 
forward direction. 


Application of Le chatelier principle on physical equilibrium 


A. 


Melting of Ice : 
H,O(s) == H,0 (f) 
Ice water 
more volume less volume 


If we increase the pressure, the equilibrium will in the direction of less volume. Hence, the rise of 
pressure, more ice will melt into water i.e. melting point of ice is decreased by rise of pressure. 


Vaporization of liquid - 
Н, O(/) == H,0(g) 
water vapour 
less volume more volume 


Vaporization of a liquid is endothermic process in the nature i.e. the evaporation of a liquid into 
its vapour is completed by absorption of heat, so the rise of temperature will favour vaporization. 
On the other hand in this process, on increase of pressure the equilibrium will shift in the direction 
of less volume means water cannot be converted into vapour and boiling point increases. 


Melting of Sulphur : 

Sulphur(s) <= Sulphur(£) 

less volume more volume 
On increase in pressure, the equilibrium will shift towards less volume means solid is not converted 
into liquid and thus, melting point of sulphur increases. 
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Illustration 


Following two equilibrium is simultaneously established in a container 
PCh(g) == PCl (g) + Cl,(g) 
CO(g) + Cl(g) — COCI,(g) 
If some Ni(s) is introduced in the container forming Ni (CO), (g) then at new equilibrium 
(A) PCI, concentration will increase 
(B) PCI, concentration will decrease 
(C) Cl, concentration will remain same 
(D)CO concentration will remain same 


Ans. B 

Exercise 

1. For the gas phase exothermic reaction, A, + B, = C,, carried out in a closed vessel, the equilibrium 
moles of A, can be increased by 
(A) increasing the temperature (B) decreasing the pressure 
(C) adding inert gas at constant pressure (D) removing some C, 

Ans. A,B,C 
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Q.1 
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Sol. 


Q.2 


Ans. 
Sol. 
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SOLVED EXAMPLES 


For the reaction PCI,(g) == PCI,(g) + Cl,(g), 

The moles of each component PCI,, PCI, and Cl, at equilibrium were found to be 2. If the total 
pressure is 3 atm. The Kp will be — 

(A) 1 atm. (B) 2 atm. (C) 3 atm. (D) 1.5 atm. 

A 

Total Moles = 2 + 2+ 2 = 6 


2 2 2 
Fras = 5 х 3, Pea, = $73, Pe, = єх3 


= ATO, не Е 1 atmosphere 
Р Рес, 1 р " 


For the reaction 
H+ z— HI 


The value of equilibrium constant is 9.0. The degree of dissociation of HI will be — 


(A) 2 (B) 2/5 (C) 5/2 (D) 1/2 
B 
Equilibrium constant of the reaction 
Н, + I, — HI is 9.0 
So the equilibrium constant for the dissociation of HI i.e. 2HI ——— H,* Lwill be 1/9. 
a == FH, + 1, 
l 0 0 
1—х х x 
2 2 
Xx X: 4 1 
Kc 2*2 (1-3) 0-3) 
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Ans. 


Sol. 


QA 


Sol. 


Q.5 


Ans. 
Sol. 


For the reaction №, === 2NH, , N, : Н, were taken in the ratio of 1 : 3 . Up to the point of 
equilibrium 50% each reactant has been reacted. If total pressure at equilibrium is P. The partial 
pressure of ammonia would be — 


(A) P/3 (B) P/6 (C) P/4 (D) P/8 
A 

Initially 1 3 0 

At equilibrium 1-0.5 3-1.5 2x 0.5 


Total moles = (1 – 0.5) + (3 -1.5)+ 1 = 3 


1 
; Рмн, = 3P 


In a reaction vessel of 2 litre capacity 3 moles of N, reacts with 2 moles of O, to produce | mole 
of NO. What is the molar concentration of N, at equilibrium ? 


(A) 1.25 (B) 1.50 (C) 0.75 (D) 2.0 
A 
М, + о, == 2 NA 
3 2 0 
3-x 2-x 2x 
2x=1;x=0.5 
3-0.5 


NJ = = 125 


HI was heated in a sealed tube at 440°C till the equilibrium was established. The dissociation of 
HI was found to be 22%. The equilibrium constant for dissociation is — 


(A) 0.282 (B) 0.0786 (C) 0.0199 (D) 1.99 
C 
The equilibrium of the dissociation of 

2HI == H, + 1, 

l 0 0 

22 22 22 
1-100 100х2 100х2 
0.78 0.11 0.11 


2 O11 0.11 


Kc 7 078х078 ^ 0.0199 


Q.6 


Ans. 
Sol. 


Q.7 


Ans. 
Sol. 


Q.8 


Sol. 
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At 87°C, the following equilibrium is established 

H,(g) + S(s) = H,S (g) K, 77x 1072 
If 0.50 mole of hydrogen and 1.0 mole of sulphur are heated to 87°C іп 1.0 L vessel, what will be the 
partial pressure of H,S at equilibrium? 


(A) 0.966 atm (B) 1.38 atm (C) 0.0327 atm (D) 9.66 atm 
A 
H,(g) + S (s) = H,S (g) 
Concentration atequilibhum — 0.5-x  — x 
[H,S] 


„ый: a Т 


х = 0.0327 


Nis 
Pus c RT = 0.0327 x 0.0821 х 360 = 0.966 atm. Ans. 


At some temperature N,O, is dissociated to 40% & 50% into NO, at total pressure P, & Р, atm 
respectively, then the ratio of P, & P, is 


(A) 2 (B) i (C) : (D) None of these 
B 
N50, (g) = 2NO, (g) 
atP, (t-Eq) 1-04 2(0.4) 
= 0.6 = 0.8 
atP, (t-Eq) 1-0.5 2(0.5) 
= 0.5 = 
‘s temperature is same, .. К. is same 
oy к а 
E faa) В 14x06 - 
06. (05 ) Р, (08yxL5x05 ^4 
u^ (138) 


AG? for the dissociation ofthe dimer (A, = 2A) in benzene solution at 27°C is 6.909 kcal/mol. 

If 8 moles of A is dissolved in 10 dm? of benzene at 27°C. What is the ratio of equilibrium concentration 
of monomer to dimer ([A]/[A,])? Given: К 72 Cal/ mol. К 

(A) 1:200 (B) 1 : 100 (C) 200 : 1 (D) 800: 1 

A 

AG°=—RTInK,, 

6.909 x 1000 =- 2 x 300 x 2.303 log Кү. 

—5 =1ов Кү. orK,.- 10? 

К. = МК. =10% 


2A = А, 
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Q.9 


Sol. 


Q.10 


Sol. 


0.8-2x x 
= Kọ isveryhigh so 2х = 0.8 
..0.8-2x ~ у 
0.4 
10° = mu : у= (04x105)!? 


[A] у 2x107 — 5 
x 0.4 1000 200 


For the equilibrium at 27°C. 


1 
=—— Ans. 


=> xzx04 


— 2x 103 


LiCI.3NH, (s) = LiCl .NH, (s) + 2NH4(g) ; Қ. = 9 atm? 
A 24.63 litre flask contain 1 mol LiCI.NH,. How many moles of NH, should be added to flask at this 
temperature to drive the backward reaction {я compleletion. 


K,=9 atm? 

9 =9 atm? 

Рун, =3 atm 

3 x 24.63 = пуц, * R x 300 


Nyy, =3 (at equilibrium) 


LiCl.3NI 1, (s) = LiCl .NH, (s) + 2NH,(g) 
1 п 
0 n-2 


Inasystem, the equilibrium reaction : 


was studied starting with NH, and Ne(inert gas). It is found that at 10 atm and 700 K, the equilibrium 
gaseous mixture contains 10 mole % each of NH,(g) and Ne(g). Calculate K, (іп atm?) 


Xn, + Xp, = 1 — 0.1 – 01 =0.8 


x 0.8 => 0.6 


Py =0.2 x 10-2 atm 
0 


.6 x 10 => баш 


HINC 
Ne} x 
— 
р 
с 
з 
— 
[i 


Ans. 


О.п 


Sol. 


Q.12 


Sol. 
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At a certain temperature the equilibrium constant К, is 0.25 for the reaction 

A,(g) + B,(g) = C (g) + D.(g) 
Ifwe take 1 mole ofeach of the four gases in a 10 litre container, what would be equilibrium concentration 
of A,(g). 


w Q7 K, soreaction will proceed in backward direction 


A.(g + Big) = Cig) + р, (р) 


—— m 1.0 x 10+x 1.0-х 1.0-х 
concentration at equilibrium 10 10 10 10 
1-x/ 
10 I-x 
0.25 = 5 => 0.5 = — = 0.5 + 0.5 х= 1-х 
ЕЭ] 1+х 
10 
I-x 1.333 
15x=05 > x = 0.333 [A,(g) ] = do > 10. => 0.13 Ans. 


Ata certain temperature, equilibrium constant K,.=4 х 10 ? forthe reaction 

N,(g) + 0,(g) = 2NO(g) 
If we take 1.5 mole of NO and 2 mole each of N, & O, in 5 litre vessel, what would be the equilibrium 
concentration of NO (in mole/litre)? 


Е (1.5/5)? 
С (2/5)? 


reaction will proceed in backward direction 
N, (g) + 0,(g) = 2NO(g) 


=> 0.5625 ; n Q> Ke 


Initialmoles 2 2 ES 

molesateq" 2+x 2+x 1.5 - 2x 
— 24x 2+х 1.5—-2x 

con" at eq 5 5 5 


к ) 
[NOg?! | s 


"c^ NOOD e *) 


137 2% =, [004 = 0.2 


2+х 
1.5-2x 20.4 * 02x x=0.5 
— i 1.5-2x 
г. Equilibrium concentration of NO = = 0.1 M Ans. 
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IONIC EQUILIBRIUM 


INTRODUCTION 


Chemical reactions mostly take place in solutions. Solution chemistry plays a very significant role in 
chemistry. All chemical substances are made up of either polar units (called ions) or non-polar units. The 
behaviour of these substances depends upon their nature and conditions of the medium in which they are 
added. It is therefore necessary to understand the principles that govern their behaviour in solution. 


Ionic equilibrium is observed in substances that undergo ionization easily, or in polar substances in which 
ionization can be induced, Ionic and polar substances are more easily soluble in polar solvents because 
of the ease of ionization taking place in the solvent medium. With the dissolution of ionic and polar 
substances in the solvent, these solutions become rich in mobile charge carriers (ions) and thus can 
conduct electricity. Substances, which are capable of conducting electricity are called electrolytes 
while those substances which are non-conducting are called non-electrolytes. 


The concepts and principles underlying chemical equilibrium are also applicable for ionic 
equilibrium. The fundamental concepts of chemical equilibrium, which are useful in ionic 
equilibrium are : 


The equilibrium are dynamic in nature. 

The equilibrium constant is independent of the initial concentration of reactants. 

The equilibrium constant depends on temperature and nature of reactants and products. 

The equilibrium can be attained from either side. 

The concentration of pure solids, pure liquids and solvents do not appear in the equilibrium constant 
expression. 

The equilibrium in solutions will only have equilibrium constant, 

The degree of dissociation of a weak electrolyte is the fraction of a mole of electrolyte that underwent 
dissociation. 

The equilibrium constant for the overall reaction is given by the product of the equilibrium constant of the 
individual reactions 

In order to predict the direction of equilibrium movement, reaction quotient (Q) should be compared 
with equilibrium constant, К. IfQ=K. reaction is at equilibrium, if Q < K, reaction will move from right 
to left to attain equilibrium. 

According to Le Chatelier principle 1f an external stress is applied to a system at equilibrium, the system 
will adjust to partially offset the stress. 


IMPORTANT TERMS 


Electric conductivity 


Substance which allow the electric current to pass through them are called electric conductors and 
this property is called electric conductivity. 

On the basis of Electric conductivity, substances are of two types : 

Non conductors : 

Substance which do not allow the electric current to pass through are called nonconductors. eg. All 
covalent compounds & nonmetals. 

Conductors : 

Substance which allow the electric current to pass through are called conductors. eg. all metals, 
alloys, all acid and bases, salt and graphite etc. 


On the basis of conducting units conductors are of two types : 

Metallic or Electric Conductors : 

Electricity conduct due to the presence of free and mobile electron which act as electricity conducting 
unit called metallic or electric conductors. eg. Metals, Alloys, Graphite, Gas, Carbon etc. 


Ionic Conductors or Electrolytes : 
Conductors in which the current is passes through due to the presence of free ions are called Ionic 
Conductors or Electrolyte or Electrolytic conductors. 


Ionisation : 


The process in which molecules of acids bases and salts when melted or dissolve in water dissociate 
into ions is called ionization. 


ARRHENIUS THEORY OF ELECTROLYTIC DISSOCIATION 


() 


(ii) 


(ii) 


(a) 


(b) 


The compounds which give ions either in molten state or in solution are called electrolytes. In the 
solid state they are bad conductors, but become good conductors either in the molten state in 
solution. 


When an electrolyte is dissolved in a solvent (usually water) or is melted by heating, it spontaneously 
dissociates into oppositely charged particles called ions, to a considerable extent. 

H,SO, == 2H* + S0,- 

NaCl => Na - CI 
The positively charged ions are called cations and the negatively charged ions are called anions. 


Since the solution of an electrolyte, as a whole, is electrically neutral, i.e; the total charge on the cations 
is equal to the total charge on the anions. 

Electrolytic dissociation or ionization produces equilibrium between unionized molecules and the ions in 
solution. The degree of dissociation of an electrolyte (a) is the fraction of one mole of an electrolyte that 
has dissociated under the given conditions. 


The value of a depends on 
(a) the nature of the electrolyte (b) the nature of the solvent 
(c) the dilution and (d) the temperature 


Nature of electrolyte : Some electrolyte , e.g., mineral acid such as H,SO,, HCl and HNO,, alkalis 
such as NaOH and KOH and all salts have a very high degree of ionization («1) at all reasonable 
concentration. They are known as strong electrolytes. The number of ions of strong electrolytes is large 
and thus such solutions have high conductance. 


Some electrolytes, e.g., organic acids such as acetic acid and bases like ammonium hydroxide have a 
low degree of ionization in solution. They are called weak electrolytes. The number of ions in solutions of 
weak electrolytes is quite small and thus such solutions have low conductance. 


Nature of the solvent : A solvent which has a high dielectric constant weakens the attractive force 
between the cations and anions. Hence a solvent of high dielectric constant favours the dissociation of 
the electrolyte. 


(с) 


(d) 


3 


Likewise a solvent which can solvate the ions readily, and can release energy by solvation, favours the 
dissociation ofthe electrolyte . Thus the dissociation of acids in water is favoured by the hydration of the 
hydrogen ions to form hydronium ions. The enthalpy of hydration ofthe proton has a very high value. 


Dilution : For some electrolytes, degree of dissociation increases with dilution as explained by Ostwald's 
dilution law (explained later) 


Temperature : Increase of temperature generally increases ionization. 


TYPES OF ELECTROLYTES 


(1) 


(2) 


There are two types of electrolytes: 

Strong electrolytes : These electrolytes are almost completely ionized when dissolved in a polar medium 
like water. In solution they are excellent conductors, e.g., HNO,, НСІ, KOH, NaOH, etc. Their degree 
of ionization is high and approaches unity. 


Weak electrolytes : These are not completely ionized when dissolved in a polar solvent and they 
behave as poor conductors of electricity, e.g., CH.COOH, H,PO,, H,BO,, NH,OH, ete., Equilibrium 
between ions and unionized molecules is established in solution, e.g., 


l 0 0 Initiall 
CH,COOH <= CH,COO +H’ At equilibrium 
a 


l-a a 


The above equilibrium is termed as ionic equilibrium. Degree of ionization of weak electrolytes is much 
less than unity. (a << 1) 


Degree of ionization, may be defined as a fraction of total number of molecules ofan electrolyte which 
dissociate into ions. 
% ionization 
E e 
100 
2 Number of mole dissociated 
Degree of lonization (a) = Total number of moles taken 


The following classification of electrolytes is based on their behaviour in a particular solvent, i.e., water. 


Solution (ageuous) 


Conducting electrolytes Non-conducting electrolytes 
(solutions of electrolytes; (Solution of non-clectrolytes such as 
i.e. acids, bases and salts) urea, glucose, sugar, glycerine, etc.) 


Strongly conducting (solutions of Strong Weakly conducting (solutions of 
electrolytes which ionize almost completely weak electrolytes which slightly ionize 
in water such as HCl, HSO, HNO, in water such as CH,COOH, NH,OH, 
NHCI, NaCl, NaOH, KOH, etc.) Н.РО,. HCN, ctc.) 


Note : - Electrolyte may behave as a strong one in aqueous solution, but it may behave as a weak 
one in another solvent. For example, sodium chloride behaves as a strong electrolyte and acetic 
acid as a weak electrolyte when dissolved in water but their conducting abilities are comparable 
in liquid ammonia solvent. 


Illustration 


Sol. 


Identify the non-electrolyte, strong electrolyte and weak electrolytes in aq. medium of the following 
substance. 

NaOH, HCI, NaCl, МН,СОМН (Urea), H,SO,, H,PO,, HCN, NH,OH, KOH, C,H,COOH, NH, СІ, 
HNO,, C,,H,,O, (Sugar), C,H,, 
Non-electrolyte : NH,CONH,, C,,H,,O,,,C,H,,O, 


Weak-Electrolyte : H,PO,, HCN, NH,OH, C,H,COOH 
Strong-Electrolyte : NaOH, НСІ, NaCl, H,SO,, KOH, NH,CI, HNO, 


O (glucose) 


OSTWALD'S DILUTION LAW 


The application of law of mass action to weak electrolytes is known as ostwald dilution law. There exists 
dynamic equilibrium between ions and undissociated molecules of the electrolytes in solution and law of 
mass action can be applied to this. Considera binary electrolyte AB 

AB = А +В 
Initially C 0 0 
Atequiibium Cí(l-a) Ca Ca (а = degree of dissociation) 


["[5] ceca са? 
E zz = - = 
[ав] с-а) (1-а) 
К is termed as ionization constant. Fora weak electrolyte value of а is very-very small compared to 1 
and(l-a)=1 
І 


IK 
~K=Coa>a= | >a «— 
Te УС 


1 
If V be the volume of the solution containing | mole of the solute C = ү: 


Hence a= VKV or a x Y V as ionic equilibrium is set up in case of weak electrolytes. 
Ostwald's dilution is applicable only in case of weak electrolytes. 
The approximation (1-с) = 1 can be applied only if с < 5% . If on solving a problem by applying the 
approximate formula a comes out to be>5% the problems may be solved by applying exact formula 
and a may be calculated applying solution of quadratic equation 

-Ь+ уБ? - 4ac 


a = — — — —-— (for,aa? * ba +c 7 0) 
2a 


Illustration 


What concentration of acetic acid is needed to give a hydrogen ion concentration of 
3.5 x 104M? (K,=1.8x 105) 
(A)35x10^M — (B)680x10?M (C)4.2x 104M (D) 7.2 x 10^ M 
(B) 
Let the concentration of acetic acid be ‘C’. 
CH,COOH == CH;COO- + H* 
C-Ca Ca Ca 


А „_ CaCa out 
К = 1.8 х 107 ы C(1-a) 


2 K, K, 
Now @ "T ora = T or Ca = JK,.C 


Са = [Н+] = 3.5 x 10* M 235x104- VL8x10 5C 


3.5x10* (3 510+) 1225x107* 
O = = or C = = = —— = 6.80 х 10° IL? 
t МС rre * 18x10 18x10 = 


Exercise 


Ans. 


Calculate the concentration of C,H,COOH that is needed to give a hydrogen ion concentration of 
10*M? (K,-2x10*) 
5x 10?M 


Limitations of Ostwald's dilution law : It holds good only for weak electrolytes and fails completely 
in the case of strong electrolytes 


CONCEPT OF ACIDS AND BASES 


(A) 


The Arrhenius concept 


Arrhenius acid : 
An acid is a substance which gives hydrogen ions in aqueous solution as the only cations. e.g., 


HCl => Н «cr 
CH,COOH => H* + CH,COO™ 
Ex. HNO,, HCIO,, HCI, HI, HBr, H,SO,, H,PO, etc. 


Types of Acids 
Mono basic acid Di basic acid Tri basic acid 
4 Y Y 
Gives single H Gives two H Gives three H 
per molecule per molecule per molecule 
e.g HA(HNO,, e.g. HLA(H.SO,, e.g. H,A (Н,РО,) 
HCIO,, НСІ) H,PO,) 
Мое: 
. H,BO, is not an Arrhenius acid. 
a H' ion in water is extremely hydrated (in form of H,O’, H,O,", H,0,') 


+ The structure of solid HCIO, is studied by X-ray, It is found to be consisting of H,O' and CIO, 
HCIO, + H,O <=> H,O' «CIO, (Better representation) 


Arrhenius base : 
A base is a substance which gives hydroxyl (OH ) ions їп а aqueous solution as the only anions. 
NaOH ==> Na'-OH 
NH,OH => NH, + OH 


Types of Base 
Mono acidic base Di acidic based Tri acidic basic 
} V v 
Gives single OH ^ Gives two OH Gives three OH 
per molecule per molecule per molecule 
c.g.CsOH, RbOH,| | ер. Ba(OH)., e.g. Fe(OH), 
NH,OH Ca(OH), 
Note : 
^ OH ionis present also in hydrated form of H,O, ,Н,О, , H,O, 
. First group elements (except Li) form strong bases 
E Neutralization is the combination of H* ions ofthe acid and ОНГ ions of the base to form unionized 
water. 
Ма*+ ОН * Н+ Cl $ Na + СГ +H,0(/) 
Le. H'*OH => H,O(/) 


Strength of acid or base : 
(i) Strength of acid or base depends on the extent of its ionisation, Hence equilibrium constant К, or K, 
respectively of the following equilibria gives a quantitative measurement of the strength of the acid or 
base. 
(ji) НА+Н,О ==H,O°+A; 
_ |н;о*][л7] 
= [n4] 
(ш) Similarly 
B + H,O <=> ВН’ + ОНГ 
" lp H* | [ou ] 
<= [el 


Here H,O is solvent. 


(B) The Bronsted-Lowry theory (Protonic concept) 


According to this concept, an acid is a substance which has tendency to lose a proton (H’), i.c. an 
acid is a proton donor and a base is a substance, which has a tendency to accept a proton, i.e., 
it is a proton acceptor. When an acid loses a proton, the residue will have a tendency to regain a 
proton and hence it is referred as conjugate base 


Acid => Proton + Conjugate base 

НСІ => Н" + 3 

NH, аә НУ + NH, 

HSO, => Н" + SO, 
The acid and the conjugate base, which differ by a proton, forms a conjugate pair. For example, НСІ 
and СГ ions form a conjugate pair, СГ is the conjugate base of HCl and HCI is the conjugate acid of 
CI. From the examples given above, it is clear that acids and bases may be molecules or ions, but at 
least one ofthe members of a conjugate pair should be an ion. 


Conjugate acid-base pairs 
Ina typical acid base reaction 
НХ +В —HB'*X 


НХ + В E HB + Xx 
acid base Conjugate Conjugate 
acid base 


Conjugate 
pair 


* Forward reaction - Неге HX being a proton donor is an acid 
B being a proton acceptor is a base 

Backward reaction — Here НВ” being a proton donor is an acid 
X being a proton acceptor is a base 


Acid Base Conjugate Conjugate 
acid base 

НСІ + HO ze Н,0' * cr 

HSO, * NH, z NH, * SO? 

[F(H,O]" + HO ze HO + [Fe(H,O), (OH)]" 
Note : 
= Conjugate acid - base pair differ by only one proton. 
H Strong acid will have weak conjugate base and vice versa. 
Я Reaction will always proceed from strong acid to weak acid or from strong base to weak base. 
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Acid Conjugate Base Conjugate acid 
base 
Ex. HCl C NH, NH,' 
H,SO, HSO; H,O H,O' 
HSO, SO, RNH, RNH,* 
H,O OH 


Amphoteric (amphiprotic) : Substance which can act as acid as well as base are known as amphoteric 
HCI-HjO = HjO'«Cl 
Base 
NH,+H,O == МН, +ОН 
Acid 


Behaviour of acids and bases in aqueous solution 


(i) Acids in water : Water functions as a weak base and accepts a proton from the acid, thus 
HA*H,O ==H,0O°+A™ 
A can be considered as the conjugate base of anion of salt of the acid HA. So an aqueous solution of 
an acid contains hydronium {Н О”) ions (and not Н" ions) 
(i) Strong and Weak acids : (Relationship between a conjugate pair). An acid is considered to be a 
strong acid, it can give up its proton readily. In an aqueous solution of HCI, there is equilibrium 
НСІ + HO ==> Н,О'+СГ 
Since НСІ can give up its proton readily, this equilibrium will lie far to the right. Consequently the base 
СГ cannot take up the proton from H,O* readily, i.e., СГ is a weak base. In general, the conjugate 
base of a strong acid will be a week base. 
In the case ofa weak acid like phenol, 
C,H,OH + H,O ==> H,0°+C,H,O- 
The equilibrium will lie far to the left. So the conjugate base (C, ! LO ) ofa weak acid (C,H OH) will be 
moderately strong. Again there is little ionization in the aqueous solution of a weak acid so the acid is a 
weak electrolyte and the solution has a low conductance. 
Based on studies of acids it is established that, 


HCIO, > HCI * HNO, 


(ш) ^ Relationship between the ionization constants of acids and their conjugate bases 
Let us derive a relationship between the ionization constants of acid, CH, COOH and its conjugate 
CH,COO . The equilibrium reaction of CH ,COOH in water is written as Р 
CH,COOH(aq) + Н,О() ==> CH,COO (aq) + H,O* (aq) 


[сн соо] но" | i 
K [H,0] = — [coon] - : ы (1) 
The conjugate base of acetic ion (CH,CO, ) acts as base in its reaction with water as 
CH,COO + H,O(/) <=> CH,COOH(aq) + ОН (aq) 
[сн‚соон] oi] 
= [cu,coo7] Б 
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Ky 
[OH ]= we] к (ii) 
[сн,соон] K,, 


* K* (сн.соот]|н:] 


Thus, stronger the acid (the larger K ), weaker will be its conjugate base (the smaller K,) and vice versa. 
Therefore, for an acid-conjugate base pair. 


Illustration 
1. Which is the strongest Bronsted base in the following anion- 

(A) ClO™ (B)CIO, (C) CIO, (D)CIO,- 
Ans. (A) 
Sol. HCIO is weakest acid among HCIO, HCIO,, HCIO, and HCIO, 
2. Give appropriate equation and label acid and base- 
Sol. NH CONH, + МН, ә МН +NH,CONH™ 

Acid Base Acid Base 

In liquid NH, solution urea can show weak acidic nature, while in water urea does not dissociate 
Exercise 
1. Ammonium ion is- 

(A) A Lewis acid (B) Lewis base (C) Bronsted acid (D) Bronsted base 
Ans. (C) 
2. (a) Write conjugate acids of 50, NH, , F~ 

(b) Write conjugate base of HNO,, H,CO,, HCIO, 

(c) Write conjugate acids and conjugate base of amphoteric species 

HS , NH,, H,O, HSO; 

Ans. (a) HSO, , NH, HF 

(b) NO, , HCO, , CIO, 

(c) (H,S, S?) (NH,', NH, ) (H,SO,, 50,2) 
3$ Which ofthe following is the strongest base- 

(А) МН, (В) CH,COO™ (C) С,Н,О" (р)он" 
Ans. (А) 
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Lewis Electronic theory 


According to this theory an acid is a molecule or ion, which can accept an electron pair with the formation 
of acoordinate bond. For example, in BF, the boron atom can accept a pair of electron; so BF, is a 
Lewis acid. A base must therefore be any molecule or ions, which has a lone pair of electron, which it 
can donate . For example, ammonia molecule has a lone pair of electron; so it is a Lewis base. 


H F H F 
| | | | 
H-N: + B-F —*H-N —»B-F 
| | | | 
H F H F 
Other examples of Lewis acid-base neutralization 
Base Acid Products 
H,O + НСІ == H,O—HClorH,O'+Cl" 
CaO + CO, == СаО-› CO, or Cz" + СО, 
H,O + H,O == H,O ә HOH or H,O' + ОНГ 


Classification of Solvents : 


@ 
(а) 


(b) 


(с) 


There are two types of solvents : (i) Protonic (protic) and (ii) Aprotic 


Protonic or protic solvent 
They are characterized by the presence of a transferable hydrogen and the formation of "Onium" ions 
Autoionisation takes place as : 


Ex (a) H,O+H,O=—=H,0°+OH™ (b) NH,+NH, — NH, + NH, - 
(с) ЗНХ ==H.X+HX,” (d 2H SO, <> H,SO, + HSO, 
Protonic solvents may be 
(a) Acidic (Anhydrous sulphuric acid, liquid HF, Glacial acetic acid etc.) 
(b) Basic (liquid NH,) 


(c) Amphiprotic (H.O, proton containing anions) 


Aprotic solvents : 
Such solvents do not have replaceable hydrogen ion in them. These can be classified into three categories. 
(a) Non polaror very weakly polar, nondissociated liquids, which do not solvate strongly. 
Ex. CCI, hydrocarbons, C,H,, C,H, etc. 
(b) Моп-іопіѕеа but strongly solvating, generally polar solvents. 
Ex. Acetonitrile CH,CN, DMSO (dimethy! sulfoxide), THF (Tetra hydro furan) and SO,,. 


(c) Highly polar, autoionising solvents. 
Ex. Inter halogen compounds (BrF, IF, and trichloro phosphine) 


(a) 2BRF, => BrF,' + В:Е, 
(>) 2 IF, & IF, + ТЕ 
(c) 2СІ. РО => с, PO: *CLPO 
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LEVELLING SOLVENTS 


@) 


(ii) 


(ii) 


(iv) 


The Bronsted - Lowery theory can be extended to acid-base reactions in non-aqueous solvents. It can 
be used in differentiating the acid strength of a particular acid and in titration of weak bases. 


In water solvent, mineral acids appear to be equally strong because of their complete ionisation, so 
water is called levelling solvent because it levels all the acids to the same strength. 

If instead of water solvent, we take mineral acids in pure acetic acid solvent (which is poor proton 
acceptor as compared to water) it is found acids become weak and can be differentiated. 


Ex. HCl] + CH COOH == C + CH,COOH, 
Acid Base Base Acid 


In above example acetic acid and СГ ions both complete for protons and the former being a poor 
proton acceptor does it much less effectively than water. Thus HCI in acetic acid solvent appears to be 
a much weaker acid than that in water, 


Mineral acids in acetic acid solvent follow the following order of their strengths. 
HNO, < HCI < H,SO, < HBr < HCIO, 


COMMON ION EFFECT 


The degree of dissociation ofa weak electrolyte is suppressed by the addition of another electrolyte 
(strong) containing common ion. This is referred to as common ion effect e.g. Acetic acid is a weak 
electrolyte and its ionization is suppressed in presence of strong acid (H^ ion as common ion). 

Let AB be the weak electrolyte, considering its dissociation 


AB => AB 
NN 
[^B] 


The equilibrium constant K has a definite value at a given temperature. If another electrolyte containing 
A" or B ions added to the above solution will increase the concentration of A* or B: ions, in order, that 
K remain constant, the concentration of AB must increase, equilibrium will shift to the left side. 


Hlustration 


1. 
Sol. 


Determine the degree of dissociation of 0.05 М NH, at 25°C ina solution of PH =11 
NHOH > NH,’ + OH 

C 0 0 
GivenpH 211 ~. [H']» 10! 


[H [OH] 1 10" 
1x10" 
10“ 
он-] 10^ 


B [ou ]- =10° = Са 


= 2х10720г0.2% 
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Sol. 


Sol. 


Sol. 


What will be the resultant pH when 200 ml of an aqueous solution of HCl (pH=2.0) is mixed with 300 
ml of an aqueous solution of NaOH (pH=12.0) 


pH of HCI= 2, „. [НСІ] = 10° М 


pH оѓ№аОн = 12,  pOH-2 ~. [NaOH] = 10°M 
HCl + NaOH ә NaCl + H,O 
Меділійаї ^ 200x107 300x107 0 0 
=) =3 
Meq. final 0 l 2 2 


= 1 Re 2.3 — ea V 
[он ] from NaQH= 500 =2х!0°М 
рОН = - log[ OH ]--log(2 х10°) 
^. рОН = 2.6989 ^, PH=14-pOH = 14-2.6980 = 11.3010. 


К, for acid HA is 4.9 x 10°. After making the necessary approximation, calculate for its decimolar 
solution at 25°C. 


(i) % dissociation (ii) pH (tit) OH concentration 
HA == Н + A 
С 0 0 
НА 2 » 
18А) е 000862 NY 
НА C(l-a) (l-a) 
К, [49х10 


i) ла = (С =1/10М) 


Vc ^Y тло 
=7 x 10*- 0.07 % 

ii) [H']-Ca- seno 727x107 mol 17 
iii) [H']OH ]-1 x 10" 


10°" 
эт" аы 143х10`!"тпо1/ Lt. 
XI 


[он] = 


А solution of HCI has a pH = 5. If one ml of it is diluted to 1 liter what will be pH of resulting solution ? 
[НС1]=10° M (As pH =5] 

Meg of HCl іп | ml = 105 x 1 = 10* 

Let normality after diluting 

One ml of HCI (pH—5) to one liter is (М) 

Meg of HCI (conc) Мед of HCI dilute. 

Иа NOI ESN ‚=? 

HO + Н+. CF 

10* 0 0 Initial 

0 10* — 10* Final 


Sol. 
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^. [Н`]=10* but pH = 8 is not possible because solution is acidic. As (H*)-10? M are already present 
in solution from the dissociation of water and since 10* < 10° and thus it should not be neglected 


- [n] -10* +107 = (Lx107 M 


~. pH -6.9586. 


The above solution for pH ofthe resultant solution has discrepancy, that dissociation of 


weak electrolyte is also suppressed in presence of HCl due to common ion effect. 
[Н], 10° but lesser than this. 
HO <=> Н * OH 
(10*+х) x 
K =(10*+ x)x 2 х = 0.95 x 10° 


- [n] 2 10? «095x107 =21.05*107 
рН = 6.9788 


Prove that degree о dissociation of weak acid is given by @ = РГ m . Where K, is its dissociation 
c * 


constant of weak acid? 
Fora weak mono protic acid 
HA == H +A 


C 0 0 
C(l-a) Co Ca 
[H']-Ca 
Са? 
к= (1-а) (Ostwall dilution law) 
cones 
m 


- [mr ]2 m s ха= К.(1-а) 
а а 
=> -log[H*]- -[logK, + log(1—a)—loga] 


(1-a) 


= pH = -log К, +102 = => pH = pK, - log 
(l-a) 


= 1001-9) (рк, =p) =“) a) 2190 р робне) 
- a 


1 
~ 1+ 100%) 
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PROPERTIES OF WATER 


Amphoteric (amphiprotic) Acid /Base nature : 
Water act as an acid as well as a base according to Bronsted - Lowry theory but according to Lewis 
concept it can only be taken as base only. 
In pure water [H>] = [OH ] so it is neutral. 

Molar concentration / Molarity of water : 


1000g / litre 


18g / moles = 55.55 moles / litre = 55.55 M (density = 1 g/cc) 


Molarity = No. of moles’litres = 


Ionic product of water : 
According to arrhenius concept 


H,O —-H'-OH  so,ionic product of water, К, = [H'] [OH ] = 10° at 25° (exp.) 
Dissociation of water is endothermic, so on increasing temperature К. increase. 

K, increases with increase in temperature. 

Now pH = – log [H'] =7 and pOH = - log[OH ]- 7 for water at 25°C (experimental) 
pH =7=pOH => neutral 


pH«7orpOH»7 = acidic at 25°C 
pH»7orpOH «7 = basic 


Ionic product of water is always a constant whatever has been dissolved in water since its an equilibrium 
constant so will be dependent only on temperature. 


Degree of dissociation of water : 


_ no. of moles dissociated 
> H* 4 UON GONENST NEAR C T C сн 
HO e H'*0H >a Total no. of moles initially taken 


= = 18 x 10 or 1.8 x 107% 


Absolute dissociation constant of water : 


i ]low ] 107x107 
4 [^ < = mo) = = -16 
So, pK, = pK, =—log (1.8 x 10 '5) = 16- log 1.8 = 15.74 


Acidity and pH scale: 

Acidic strength means the tendency of an acid to give H,O' or H' ions in water. 

So greater the tendency to give Н', more will be the acidic strength of the substance. 

Basic strength means to give ОН ions, more will be basic strength of the substance. 

The concentration of H* ions is written in a simplified form introduced by Sorenson known as pH scale. 
pH is defined as negative logarithm of activity of H* ions. 


(where а 


is the activity of H' ions) 


+ 


^. pH = ~ log a, Ht? 
Activity of H' ions is the concentration of free Н" ions or Н,О' ions ina solution. 
The pH scale was marked from 0 to 14 with central point at 7 at 25° C, taking water as solvent. 


If the temperature and the solvent are changed, the pH range of the scale will also change. For example 
0— 14 at 25 °C (К, = 10) Neutral point, pH — 7 
0 — 14 at 80*C (К = 10) Neutral point, pH = 6.5 


pH CALCULATION OF DIFFERENT TYPES OF SOLUTIONS 


(a) Strong acid solution : 
(1) If concentration is greater than 10 * M. 
In this case H* ions coming from water can be neglected. 
so [H+] = normality of strong acid solution. 
(ш) If concentration is less than 10 * М but greater than 10 * M 
In this case H* ions coming from water cannot be neglect. 
So [H] = normality of strong acid + Н ions coming from water in presence of this strong acid. 
(ш) ^ Ifconcentrationis less than 10 * M, in this case H' ions coming from water is considered only. 
Illustration 
Е Calculate pH of 10 * М НСІ solution. 
Soh. HO =н + OH 
l0 *- x x 
к -[H] [OH ] 
107^ = x (x + 10?) 
ss x'-xx]10*—10*-0 
8 7 | І 
-8 -16 -14 -107 «10 [4+ /401 — -8 
p= 7107 +41071 +4104 _ Y ^ 100 = ыыы. 10 095x107 
2 2 - 
[н = 10.5 x 10* = 1.05 x 10° 
pH --log[H'] 
pH = 7 ~ 10р 1.05 =7 
Exercise 
1. Calculate pH of 10° М НСІ solution. 
Ans. pH=7 
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(b) Strong base solution : 
Calculate the [OH ] which will be equal to normality of the strong base solution and then use 
K =[H*] * [OH ]= 10", to calculate [Н'] 


illustration 


1. Calculate pH of 107 М of NaOH solution 
Sol. [OH ]| from NaOH = 10” 
[OH ] from water =x < 107 M (due to common ion effect) 
HO => OH + H+ 
(x * 107) X 


К, - [H:] [OH] = 104 =x (x + 107) 
х2 + 107 х- 10“ = 0 


=> x= = х 107-0418 x 107 (Js = 2.236) 


[OH ] = 107 + 0.618 x 107 = 1.618 x 107 
pOH = 7 - log (1.618) = 6.79 
pH = 14 – 6.79 = 7.21 


Exercise 


E Calculate pH ofa KOH solution having 
(a) 5.6 g of KOH mixed in 50 mL water (b)if it is further diluted to make 100 mL 
Ans. (а) 14.3 (b) 14 


(c) pH of mixture of two strong acids : If V, volume of a strong acid solution of normality N, is mixed 
with V. volume of another strong acid solution of normality N., then 
Number of H* ions from I-solution = №,У, 
Number of H* ions from П- solution = N,V, 
If final normality is N and final volume of V, then 
NV-N,V,*N,V, 
[Dissociation equilibrium of none of these acids will be disturbed as both are strong acid] 
N,V, +N,V, 
ECESIUS у гу. 
(4) pH of mixture of two strong bases : Similar to above calculation 
N,V, +N,V, 


boi BA 


[OW] =N= "vy 


109^ * 


[H7 fon] 
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Hilustration 


1. 


Sol. 


500 mL of 10° M NaOH is mixed with 500 mL of 2.5 х 10° M of Ba(OH).. To the resulting solution 
99 L water is added. Calculate pH. 


=з -$ 
ону = 200x107 +500х2х2.5х10 
1000 
-3x10*M 
M,=3*10°M 
V,-1L 
V,- 1001, 


(Normality of Ba(OH), = 2 x 2.5 x105) 


no. of moles of [OH ] initially = no. of moles of [OH], in final solution. 
3 x 105 M, x 100 
‘> M,=3 x 107< 105 
H,O => H’+ OH” 
х (х+3х 107) 
K, =х(х +3 х 107) = 10'* 


413-3 
Tx-|—7.—|*107 


x 70.302 x 107 


_ J/13-3 34413 
[ОНГ], „= |3* 5 — | x 107 = | 5 | x 107 23.302 х 107 


Exercise 


(e) 


Calculate the pH for- 

(a) 50 mL of 0.1 M HCI, 25 mL of 0.1 М H,SO,, 25 mL of 0.2 M HNO, + 100 mL of H,O 

(b) 50 mL of 0.2 M NaOH + 100 mL of 0.1 M RbOH the resulting solution is diluted by 350 mL H,O. 
(a) 1.123 (b) 12.6 


pH of mixture of a strong acid and a strong base: 

Acid base neutralisation reaction will take place. 

The solution will be acidic or basic depending on which component is taken in excess. 

If V, volume ofa strong acid solution of normality №, is mixed with У, volume ofa strong base solution 
normality N,, then 


Number of H* ions from I-solution = N,V, 
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Number of OH” ions from II-solution = N,V, 
If N.V,» N,V 


Solution will Solution will 
be acidic in nature be basic in nature 


107'* 
MMC 
Illustration 
| l 
E Calculate pH of mixture of (400 mL, 200 M Ba(OH),) + (400 mL, 50 МНСІ) + (200 mL of water) 
1 1 
400x — —400х x2 
Sol Hj- — ro 2 — . 4, 105 so pH = 3-2 log 2=2.4 
. HT- 1000 - , 50 pH = 3-2 log2=2. 
2. What will be resultant pH when 150 mL of an aqueous solution of HCl (pH = 2.0) is mixed with 350 mL 
of an aqueous solution of NaOH (pH = 12.0)? 
Sol  pHofHCl-2 
^. [HCI] = 10? M 
pH of NaOH = 12, рОН = 2 ^. [NaOH] = 10? M 
HCI + NaOH —> NaCl + H,O 
Meq. initial 150 x 10? 350 x 107? 0 0 
= 1,5 = 3,5 
Мед. final 0 2 1.5 1.5 
' [OH ] fi NaOH = —- -4x 10? M 
nl rom NaOH = $00 ^ 
рОН =- log [OH ] = – log (4 x 10 ?) 
^, рОН = 2.3979 
^ pH = 14 - pOH = 14 ~ 2.3979 = 11.6021 
Exercise 
1. Calculate pH of mixture 200 mL of 0.2 M H,SO, + 300 mL of 0.2 M NaOH * 200 mL of 0.1 M KOH. 
Ans. 7 
2. Calculate the pH when 200 mL of 0.25 M H,SO, is mixed with 200 mL of 0.2 M Ba(OH), 
Ans. 1.30 
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(f) pH of a weak acid (monoprotic) solution : 
Weak acid does not dissociated 100% therefore we have to calculate the percentage dissociation using 
(K,) dissociation constant of the acid. 
We have to use Ostwald’s Dilution law (as have been derived earlier) 
НА к= H + АГ 
t=0 C 0 0 


[e ]t7] Ca? 
At eq с(1 — a) Ca Ca i qua] - m 
IK. 2 T 
Ifa << 1 (1-а) =1 = К, = Со >а = үс (is valid if a < 0.5) 


| = | 
[H']=Ca=C Yc ^ VK, xC SopH = 2 (pK, - logC) 


On increasing the dilution => CL 7 a7 and [H"]} > pHT 


Illustration 
1. Calculate pH of (a) 10° M CH,COOH (b) 10° M CH,COOH 
K, 22x 10° 
Sol (a) CH,COOH ==> CH,COO ^ * H’ 
C 0 0 
C(1-a) Ca Ca 
rr | -5 
Ca^ LS _ 2 жо — ——— 
ura C97 ус Cy ge) АЮ (00:1) 
= 1 
So, [H"]= 107 x / х10?%=>рНн=3—--— log2=2.85 
є к, IK, |2x10? — , äi 
= — => = -= = ——— = | -2 >U. 
6) аус 295 ye TV тоз ^ У2х10 d 
Since œ> 0.1, exact calculation is required. 
2 E i 
Kev ги gage " arene 
* 1-а l-a 
[H] = 10? x 0.1314 = 1.314 x 10+ 2 pH = 4 - log (1.314) = 3.8 
Exercise 
1. Calculate pH of (a) 10* M CH,COOH (b) 10° M CH,COOH 


Take К 2 2 x 10° 
Ans, (a)4.04 (b) 6.022 
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Note : At very low concentration (at infinite dilution) weak electrolyte will be almost 100% dissociate, 


(2) 


(h) 


so behaves as strong electrolyte 


(pH) of 10^ M HCI = pH of 10° M CH,COOH = 6) 


pH ofa mixture of weak acid (monoprotic) and a strong acid solution : 

Weak acid and strong acid both will contribute H* ion. 

For the first approximation we can neglect the Н” ions coming from the weak acid solution and calculate 
the pH ofthe solution from the concentration of the strong acid only. 

To calculate exact pH, we have to take the effect of presence of strong acid on the dissociation equilibrium 
of the weak acid. 


If [SA] = C, and [WA] = C,, then [H] fromSA - C, (SA = Strong acid) 
the weak acid will dissociate as follows, (WA = Weak acid) 


HA => Н + AC 

С, 0 0 
(C,a+C,)C,a 

C(l-a) Ca+c, Ce ^^ сај 5—0 


(The weak acids dissociation will be further suppressed because of presence of strong acid, common 
ion effect) 
К =(Ca+C)a 


To Н“ ion concentration = С, + С ‚а 


If the total [H*] from the acid is more than 10 М, then contribution from the water can be neglected, but 
if comparable then we take [H^] from water also. 


pH ofa mixture of two weak acid (both monoprotic) solution : 


Both acids will dissociate partially 
Let the acid are HA, & HA, and their final concentrations are C, & C, respectively, then 
HA, H? + A, HA, H' * A, 
t=0 C, 0 0 C, 0 0 
Ateq. С(1-о) Су + Са, Со С01- а.) Са, + Са Ca, 
= Cia, (Cia, +С,а,) * гы (Са, +Cya,)C a, 
ч C,(1-a,) "2 С,(1-о;) 
(Since a, a, both are small in comparision to unity) 
К = й = K,, - bad | 
a = (Ca, + Са) а: К, = (Со + С;а)а = px 


CK,, CK. 


— 
"nz + 5 Q7 ьа w ICK +C K - 
mar БЕС JOO 7 "i Ri nd а 


If the dissociation constant of one of the acid is very much greater than that of the second acid then 
contribution from the second acid can be neglected. 
So [Н] = Са + Со, = Су, 


Hilustration 


Calculate pH of solution obtained by mixing equal vol. of 0.02 М HOC! & 0.2 M CH,COOH solution 
given that K,, [HOCI] = 2 x 10+ 


K,, [CH,COOH] = 2 х 105 
also calculate ОН”, ОСГ, CH,COO* 
Sol  Finalsolution volume become double 
C, = 0.01 C, - 0.1 
" б» т .9^ mw. SE aT PE Sa ! ET ppp | 
[H] = /K,C, *K,,C;. = 92x10 0.01+2x10% x 0.1 = 42x10 5 -2x105 = 2x10? 
pH = 3 ~ log? =3 ~ 0.3010 = 2.69 


2x10 ш Ll. 
(= P200! а, == 107 
2x10 £ 2x10 
HOCI === H + OCH CH,COOH —— Н + CH,COO- 
C,(1 — oj) Cœ + С,а, Cio, C&(1 - a.) Са + С.а,  C;a, 
[OCI] = Са, [CH,COO"] = С,а, 
= 0.01 x 107 = 0.01 х 10? 
K, — 107 
а = — = 1 
[OH] = [H*] 2x10 0.5 x 10 
-5x]10"7M 


НОСІ= 10? (1- 0.01) =9 x10? M 
[CH,COOH] = 10-(1-0.01) = 10! 


Exercise 


1. Calculate pH of solution obtained by mixing equal vol. of 2M НОСІ & 3 М HA solution given that 
K, [HOCI] =2 x 10, K,, [HA] 7 2* 105 
Ans. 14 


RELATIVE STRENGTH OF WEAK ACIDS AND BASES 


The relative strength of weak acids and bases are generally determined by their dissociation constants 
K and K, respectively. For weak acid i.e. CH,COOH 

CH,COOH —-CH,COO + H' 

C 0 0 

C(l1-a) Ca Ca 
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Себа. Ca, ; " 
Ка = с1а) = (а) => К, = Са (afa << 1) 


Similarly, for weak base, і.е. NH,OH 
NH,OH => МН + OH” 


C 0 0 
C(1-a) Ca Ca 
К, = Co? 


K and K, are just the equilibrium constants and hence depends only on temperature. Greater the value 
of dissociation constant of the acid (K), more is the strength of the acid and greater the value of 
dissociation constant of the base, more is the strength of the base. For two acids of equimolar 
concentration. 

Strength of acid (I) IK. 

Strength of acid (11) = \ к, 


E: Strength of base (D) |К 
Similarly for bases, Strength of base (II) ~ 1 K,. 


The modern method is to convert Ka as a power of 10 and express acid strength by power of 10 with 
sign changed and call this new unit pK, . Thus, if K, for acid is equal to 107, pK, = 4. So higher pK, 
value means lower acid strength, 


that is pK, 7 — log К, Also, pK, =—log K, 
Illustration 
1. K, for acid HA is 2.5 х 10 * calculate for its decimolar solution at 25°С. 
(1) % dissociation (ii) pH (ii) OH" ion concentration 
Sol. HA == Н° + A 
С 0 0 


e. [H*][A] Са -Са _ Ca ссх 
:^ [НА] =— п пе 
I— enue 
: | _ (К |2.5x10 7 
(i) A a үс Y mo (C= 1/10 M) 


-5x]0*- 0.05% 


1 
(ii) [Н`]=Са= 195% 10% mol/L => So pH = 5 ~ log 5 = 4.30 


(ii) —[H][OH]- I x 10" 
-l4 


5x10 


[OH ]= =2 х 10" mol/L 
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Determine the degree of dissociation of 0.05 M NH, at 25°C ina solution of pH = 10. 
NH, => МН + OH 


С 0 0 
Given, pH = 10 
[Н`] = 10" 
[H*] [OH] = 1 x 10" 
1107'* 
[OH] = o T 107 = Ca 
[OH ] 10 : 
= te 0.2% 
a C 0.05 2 x 10? or 0.2% 


Two weak monobasic organic acids НА and HB have dissociation constants as 1.6 х 10°° and 
0.4 х 10° respectively at 25°C. If 500 mL of 1 M solutions of each of these two acids are mixed to 
produce 1 litre of solution, what is the pH of the resulting solution? 
In such cases, we have to consider H* from both HA and HB simultaneously. The concentration of HA 
and НВ in the mixture = 0.5 M [equal volumes are mixed] = say ‘с’ 

HA — Н + A&A 

ВН — HW +A 
Let, x= [H+] from HA and y = [H^] from HB 
=> [Н], =х+у 


(х + у)х (х + у)у 
Кыс amd Ky, c^ 


[Нил _Х_ [kya ХС 


[Hl Y y kug xC 


х _ [16x105 | 


у 104х105 — 
х 
х=2у > y= 5 


" 

X. X^ +X 

Substitute for y = лек = y 
2 c 


2x? e x? 
2x0.5 

3x = 1.6 x 10% = х? = 5.33 х 10* 

x = 2.30 x I0? M, y=1.15x10°M 
[H],,,7x*y72.30x 10? + 1.15 х 10° = 3.45 х 10° М 
pH = -log,, (3.45 х 10°) 
рН = 2.462 


1.6 х 10° = 
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Exercise 


1. Saccharin (К, —2 х 10") is a weak acid represented by formula HSaC. A 8 x 10 * mole amount of 
Saccharin is dissolved in 400 cm? water of pH = 3. Assuming no change in volume, calculate the 
concentration of SaC ions in the resulting solution at equilibrium. 

Ans [S$3C]74* IO" M 


2. A solution contains 0.08 M НСІ, 0.08 M CHCl, COOH and 0.1 CH,COOH. The pH of this solution 
is 1. If K, for acetic acid is 105, calculate K, for CHCI,COOH. 


Ans К, = 3.33 х 107 


ISOHYDRIC SOLUTIONS 


(i) Solution of electrolytes are said to be isohydric if the concentration of the common ion present in them is 
the same and on mixing such solution, there occurs no change in the degree of dissociation of either of the 


electrolyte. 
(ii) Let the isohydric solution is made by HA, and HA, acids, then [H*] of both should be equal i.e. 
E; C 
he wm ORE {ы oen 
VK. = ya, or К. С, 
Illustration 


1. The degree of dissociation of pure water at 25°C is found to be 1.8 x 10”. Find K, and K, at 25°C. 


(A) 3.24 x 10; 5.83 x 107" (B) 1 x 1075; 1.8 x 10" 
(C) 1.8 x 1075; 1 x 10" (D) 1 x 10;1* 10" 
Ans. (B) 


Sol Ѕіпсес = 1.8 х 10" 


1000 
and for water C = ЕТТ = 55.56 
[Н] = [OH] = Ca = 55.56 х 1.8 х 10°=1 x 107M 
K, = [H'] х [OH] = (1 х 107y = 10" 

[n+ ]tou7] Kw үүн 


and K, = [n,o] = [н,о] = 5556 = 1.8 х 10" 


д When а 0.1 N solution of an acid at 25°C has a degree of ionisation of 4%, the concentration of OH * 
present is- 
(A) 2.5 х 10° (В) 2.5 x 10" (С) 2.5 x 10°" (D) 2.5 x 10°" 
Ans. (C) 
190 * 
So. [H']-Ca-0.1x4x10?-4*x 10° M or OH ]= Тр =2.5x10"N 
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Exercise 


Ans. 


Calculate the molar concentration of a solution of acetic (HOAc) that has a pH of 4.00. 
(Ka = 1.8 x I0 5) 

(A) 1.0 x 10? (B) 1.0 x 10° (C) 0.057 x 10? (D)0.010 

(C) 


Select the correct option from the following ? 
(A) pK,, increases with increase of temperature 
(B) pK,, decreases with increase of temperature 
(C) PK, = 14 at all temperature 

(D) pK, = pH at all temperature 

(B) 


SALTS 


(ii) 


(1) Salts are the ionic compounds formed when its positive part (Cation) come from a base and its 
negative part (Anion) come from an acid. 

(ii) Salts may taste salty, bitter, astringer or sweet or tasteless 

(iii) Solution of salts may be acidic , basic or neutral. 

(iv) Fused salts and their aqueous solutions conduct electricity and undergo electrolysis 

(v) The salts are generally crystalline solids 


Classification of salts : 
These salts may be classified into four categories. 


Simples salts : 

The salts formed by the neutralisation process between acid and base. These are of three types. 
Normal salt : 

The salt formed by the loss of all possible protons (replaceable H* ions) 

Ex. NaCl, NaNO,, K,SO,, Ca, (PO,),, Na,BO,, Na, HPO, NaH,PO, etc. 

Acids salts : 

Salts formed by incomplete neutralisation of polybasic acid. Such salts contain one or more replaceable 
H atom. 

Ех. NaHCO,, NaHSO,, NaH,PO,, Na,HPO, etc. 

Above salts when neutralized by base form normal salts, 

Basic salts : 

Salts formed by incomplete neutralisation of poly acidic bases are called basic salts. These salt contain 
one or more hydroxyl groups. 

Ex. Zn(OH)CI, Mg(OH)CI, Fe(OH),, СІ, ВІКОН), etc. 

Above salt when neutralised by acids form normal salts. 


Double salts : 
(1) The addition compounds formed by the combination of two simple salts are termed as double salts. 
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Ex. 


1.3 


Ex. 


1.4 


FeSO, (NH,),SO, . 6H,O (Ferrous ammonium sulphate), K,SO, Al, (SO,),. 24H,O (Alum) and 
other alums. 

(ii) Above salts are stable in solid state only. 

(iii) When dissolved in water, it furnishes all the ions present in the simple salt form which it has been 
constituted. 

(iv} The solution of double salt shows the properties of the samples salts from which it has been constituted 


Complex salts : 
(i) The are formed by combination of simple salt or molecular compounds. 


K,Fe(CN),, Co(NH,), SO, etc. 
(ii) FeSO,+6KCN > K,Fe(CH), + K,SO, 
————— 


simple salts complex salt 

(i) ^ CoSO, + 6NH, 3 Co(NH,),SO, 
Simple Molecular Complex salt 
salt compound 


(iv) These are stable in solid states as well as solutions 
(v) On dissolving in water, if furnishes a complex ion. 


K,Fe(CN) „Но. 4K* + — [F«CN)J" 
complex ion 


(v) The properties ofthe solution are different from the properties ofthe substance from which it has 
been constituted. 


Mixed salts : 
(1) The salt which furnishes more than one cation or more than one anion when dissolved in water is 
called mixed salt. 


Ex.CaOCL, NaKSO,, NaNH,HPO, etc. 


HYDROLYSIS OF SALTS 


Salts are the product of an acid and a base, other than water. Depending on the nature of an acid ora 
base there can be four types of salts: 

(1) Saltof a weak acid and a strong base. 

(ii) Salt of a strong acid and a weak base. 

(iti) Salt of a weak acid and a weak base and 

(iv)  Saltofa strong acid anda strong base. 


We shall first look at what is hydrolysis and then find out how to calculate the pH due to it. 
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Salt of a Weak Acid and Strong Base 
Let us take a certain amount of weak acid (CH,COOH) and add to it the same amount (equivalents) of 
a strong base (NaOH). They will react to produce CH,COONa. 


CH,COOH + NaOH — CH,COONa + H,O 
CH,COONa being a strong electrolyte, completely dissociates into its constituent ions. 


CH,COONa — CH,COO + Na* 
Now, the ions produced would react with H,O. This process is called hydrolysis. 
Na’ + CH,COO + H,O ==  CH,COOH + NaOH 


We know that NaOH is a strong base and therefore it would be completely dissociated to give Na‘ and 
OH ‘ions. 
Na” *CH,COO + H,O == CH,COOH + OH + Na* 


Cancelling Na* on both the sides, 
= CH,COO + H,O == CH,COOH + OH’ 


We can note here that ions coming from strong bases do not get hydrolysed. We should note here 
that the solution will be basic. This is because the amount of CH,COOH produced and ОНГ 
produced are equal. But CH,COOH will not completely dissociate to give Н” ions. Therefore 
[OH ]ions will be greater than [Н`] ions. 


Since the reaction ts at equilibrium, 
_ [сн,соон[[он] 
* [сн,соо:] 


This equilibrium constant K, is given a new symbol, K, 
_[CH,COOH]OH ] 
' [CH,coo" | 


If we multiply and divide the above equation by [Н ] of the solution, then 
.[cu,cooufou Tu] [H+ Jou] 
"*  [egcoo[u] — [cu;coo [n] 
[CH,COOH] 


е _[CH,COOHJOH™] K, 
' [mco] K, 
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CH,COO + HO == CHCOOH + OH 


Initial Є 0 0 
Ateq: С(1-о ) Са Са 
Where о is the degree of hydrolysis of CH,COO ion? 

„ CaxCa Ky 

СС-а) K, 
If о, is very much less than 1, 

сл Ж K 
6 = — = = 
d рз: 
| | ГЕ. (к.с 

А$ [OH ]-C a , [OH ]-C *Y K.C Y K, 

K, | |K.K, К.К, | 1 l l 
[H= [ou] ү с or pH =- log{H*}=-log Yc. 73 pK, РЕ + T RE 


Illustration 


1. Find out pH, h and [OH ] of milli molar solution of KCN if the dissociation constant of HCN is 107. 


Sol. (1) pH=7+1/2 рКа + I/2 log C=7 + 1/2 х 7+ 1/2 loglO? 
14+7-3 21-3 


2. £2 
су к= m „ууз 
: Yc Y 10? 
[Ky xC NOHO . 
= a ы: — = 10 » 
2: Calculate for 0.01 N solution of sodium acetate 
(i) Hydrolysis constant (ii) Degree of hydrolysis (iii) pH 


Given Ka of CH,COOH = 1.9 x 10° 
Sol. For СН,СООМа + HO == CH,COOH + NaOH 
0 


Initial C 0 
After C(1-h) Ch Ch 


> = - -10 
(i) K = T eam 


ГӘ -10 
n= [Re [826210 asas 


C Y одо! 
(ii) ТОН ] from NaOH, a strong base = Ch = 0.01 x 229 x 10*—2.29 x 10°M 
pOH = 5.64 


7. pH = 14- 5.64 = 8.36 
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Exercise 


1. Calculate the pH and degree of hydrolysis of 0.01 M solution of NaCN, Ka for HCN is 6.2 х 10 ', 
Ans, pH= 11.6 
Degree ofhydrolysis=4 x 10"! 


у А Calculate the pH after the addition of 90 ml and 100 ml respectively of 0.1 N NaOH to 100 ml 0.1 N 
CH,COOH (Given pK, for CH,COOH = 4.74) 
Ans. pH-8.1 


2. Salt of a Weak Base and a Strong Acid 
Let the acid be HCl and the base be NH,OH. Therefore the salt would be NH,CI. 
NH.CI > NH,+Cl 

Cr+NH,*+H,O = NH,OH+HCl 
НСІ being a strong acid dissociates completely to give Н' ions and CI ions. 

CF*NH,'*HO == МН,ОН+Н'+СГ 

NH, *H,O == NH,OH+H' 

We can see that the ion coming from the strong acid does not get hydrolysed. We had previously seen 
that the ion coming from the strong base also does not get hydrolyzed. Hence, one can conclude that the 
salt ofa strong acid and strong base does not get hydrolyzed. In this hydrolysis, NH,OH and H* are 
being produced. This implies that the solution is acidic. To calculate рН, 


NH,*+ HO == NHOH + Н: 
Initial C 0 0 
Final  C(I-h) Ch Ch 
Where д is the degree of hydrolysis of NH,'. 
_ [Ni onu] 
" .— [Nui] 
Multiplying and dividing by OH- and rearranging. 
[NH,OH]H" Jor] | [wor]. K 
„= : - => pA K, ems od 
[Nu;]on:] ~ fu; por] Jon- NM K, K, 
[NH,OH] 
Now, substituting the concentrations, 


[NH,OH]H"] Kk, _ ChxCh cm 


"o0 [v К, C(I-h) I-h 
= 
c K. 
If 4 € 0.1, then Ch? = Х= => h= |> 
K. \K,c 


" К, К.С 1 1 1 
Since [H7] = СЬ, [H*]= скс = үк, or pH = урК„—>рК„—-1о08С 
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Illustration 


Sol. 


" 


Find out the К, of centi normal [107 № solution of NH,CI (SA-WB) if dissociation constantof NH,OH 
is 10* and K = 107. Find out degree of hydrolysis and also find [H'] and pH of solution? 
Given : К = 1075 К = 10° 


(1) к= » 


(4) pH = ~ log [H] = – Іор [1075] 
=+102 [10] =+5х1 = 5 


How many grams of NH,CI should be dissolved per litre of solution to have a pH of 5.13? K, for NH, 
is 1.8 x 10°. 
NH,Clisa salt of strong acid and weak base for solutions of such salts. 


| 
pH = 5 (рК, – log C- pK,] 


= 10.26 = 14 - log C - 4.74 
=> log С = 926 — 10.26 — — 1.0 
^ С= 10м 

[NH,CI] = 10" M 


Wyu,ct = 107 х 53.5 gL” = 5.35 gL" 


Exercise 


— 
" 


Find out the К, at 363 К (90°C) of a salt of [Strong acid - Weak base] if the value of K, is 10“ [At 
90°C К, = 10] 


What is the pH of 0.4 M aqueous NaCN solution? (Given pK, of CN = 4.70) 
pH = 11.45 


e 


Salt of a Weak Acid and Weak Base 
Let the weak acid be CH,COOH and the weak base be NH,OH. Therefore, the salt is CH, COONH, 
The salt completely dissociates. 

CH,COONH, — CH,COO: *NH,' 
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The ions get hydrolyzed according to the reaction. 
CH,COO’+NH,*+H,Q = = NH,OH+CH,COOH 
Initial C C 0 0 
Atequilibtum C(1-h) C(1-h) Ch Ch 
И... OH[CH,COOH] 
[NH [сн,соо-] 


Multiplying and dividing by H* & OH and rearranging. 


___ INH, OH][CH,COOH]H* [on |... [u* Ton] к, 
ING," [сн,соо-[н°[он-] ~ [сн,соо [m] [Nay Jou] кк, 
[сн,соон] " [NH,OH] 


K. 


К, = 
K, K, 
Substituting the concentration terms, 


^ KK,  C(-h)C(I-h) [а-в | (1-а) 


As can be seen in the hydrolysis reaction. 
CH,COO + NH,' + H,O == NH,OH+CH,COOH, 


CH,COOH is present in the solution. This implies that the equilibrium between CH,COOH, CH,COO 
and Н“ can exist and therefore would exist. 
CH,COOH == CH,COO-H' 


In fact the equilibrium between NH, OH, NH,* and OH also exists. 


Now, we calculate the pH of the solution as, 
CH,COOH == CH,COO-«*H' 
Ca C(l-a) 


[COO Is]. C(1-a)(H*) dass 
[CH,COOH] Ca «prs fa 
ya @ K, 
Substituting та 5 үк к, К, 
а K, 
РЫА s)" fink үк, 


1 1 
рК, +06, -35PK, 


1 
ог рН = 5 
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Illustration 
l. Calculate pH of the mixture (25 mL of 0.1 M NH, OH + 25 mL of 0.1 M CH, COOH) 
Given that K,: 1.8 x 105, and K, = 1.8 x 10° 
Sol. NH,OH + CH,COOH ә CH,COONH, + H,O 
Initially millimoles 25 x 0.1 25 x 0.1 0 0 
= 2.5 =2.5 
Final milli moles 0 0 2.5 2.5 


As salt is formed (salt of weak acid and weak base) and pH will be decided by salt hydrolysis 
ч pK, *pK,-pK, 1 


pH ^ “= (Іор 10 '*— log 1.8 х 10° + log 1.8 x 10*)=7 
2. In the following which onc has highest/maximum degree of hydrolysis. 
(A) 0.01 M NH,Cl (B)0.1M МНС 
(C) 0.001 M NH,Cl (D) Same 
Ans. C 


K 
Sol. e if C decreases, h increases 


Exercise 

l. In the following which one has lowest value of degree of hydrolysis 
(A)0.01M CH,COONH, (B)0.1 M CH,COONH, 
(C)0.00 М CH,COONH, (D) Same 

Ans. D 

4. Salt of strong acid and strong base 


Ex. NaCl, BaCl,, Na, SO, KCIO, etc. 
NaCl + H,O ==> NaOH + НСІ 
Na' * Cl +H,O <=> Na' + OH. +Н'+СГ 
H,O => H'+OH (Itisnotsalt hydrolysis) 
(a) No hydrolysis 
(b) Solution is always neutral 
(c) pH = 7 at 25°C 


Salt of a weak polyprotic acid and strong base 
Salt containing multivalent cation or anion. Hydrolysis of multivalent cation or anion takes place in 
stepwise manner and more than one hydrolytic products are formed. For example the hydrolysis of Fe? 
ions will occur in following steps 

Fe* + 2H,0 ——FeOHy + H,O° 

Fe(OH)’ + 2H,O==Fe(OH), + H,O' 


- ‘Л 
CL 


(ii) 


(iii) 


(iv) 
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The hydrolysis constants к апа Ky, are 
_[Fe(OHYJ[H,0°}_K, 
М [Fe"] Ka, 


_[Fe(OH}][H;0'] _ K, 
h [Fe(OHY] Ki 


Where К and Ку, are dissociation constants of Fe(OH), . Since Къ >>>>К„ thus К aK, 
hence the hydrolysis of Fe(OH) in comparision can be neglected and 


[n,o] = (к, 
цыз k - С 
or pH = zP b> og 


Salt containing weak conjugate cation and an amphiprotic cation : When a salt like NaHCO,, 
NaHS , NaH,PO, , Na, HPO, etc is dissolved in water the amphiprotic anion can either accept a proton 
from water (Hydrolysis) or can donate a proton to water. The pH ofthe solution can be calculated as 


pH = (pk, ok, ) 


Salt containing strong conjugate cation and an amphiprotic cation :Examples of such salts are 
NH,HCO, , МН,Н5 etc. The [НО] of the solution can be calculated as 


IK, Ky 
[1,0°]- | K, - -K,K,, 


Hydrolysis of amphiprotic anion 
Letus consider hydrolysis of amphiprotic anion only, i.e., when counter cation is not hydrolysed, example 
of some salts of this category are NaHCO,, NaHS, Na,HPO,, NaH,PO,. 


Here, H,PO, and НРО > are amphiprotic anions. pH after their hydrolysis can be calculated as, 
pH of H,PO, іп aqueous medium = (к, +pK Е y 2 


pH of H,PO,* in aqueous medium = Ik, +pK, y - 


Here, H,PO*, is conjugate base of H,PO , and H,PO, is conjugate acid of H,PO „ 
Similarly, РО” is conjugate base of HPO?, and HPO, is conjugate acid of PO". 


When these salts are dissolved in water, [H,O"] concentration can be determined as, 


[9,0] = JK, (K, /k, +K,,) 
pH = -log VK,, (к. ky + K,, ) 
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Hydrolysis at a Glance 


Nature Degree Hydrolysis 
Constant 
No Hydrolysis 


ale z acid + 
Strong Base) 


CH,COONa h= vk Ck =k tk pH=1/2[pk, + pk, + log 
(Weak acid + 
Strong basc) 


ME " = kw! = KICK, pH=1/2{pk,- pk, -logC] 
(Strong acid + 
Weak base) 


CH,COONH, h= Vk АК, *k)| K = КИК +k) pH-L2[pk, + pk, - pk] 
(Weak acid + 
Weak base) 


In the case of salt of weak acid and weak base, nature of medium after hydrolysis is decided in the 
following manner: 

(i) К. =K, the medium will be neutral. 

(ii) If K, > K, the medium will be acidic. 

(ш) IfK, <K,, the medium will be basic. 
The degree of hydrolysis of salts of weak acids and weak bases is unaffected by dilution because there 
is no concentration term in the expression of degree of hydrolysis. 


Note : Degree of hydrolysis always increases with increase in temperature because at elevated 
temperature increase in К. is greater as compared to K, and K, 


BUFFER SOLUTIONS 


* In certain applications of chemistry and biochemistry solutions of constant pH is required. Such solution 
are called buffer solution. 
* A solution whose pH is not altered to any great extent by the addition of small quantities of either an 


acid (H* ions) ora base (OH ions) is called buffer solution. 
Buffer solutions are also called solutions of reverse acidity or alkalinity. 
Characteristics of buffer solutions 
(a) It must have constant pH. 
(b) Its pH should not be changed on long standing 
(c) Its pH should not be changed on dilution. 
(d) . ItspH should not be changed to any great extent on addition of small quantity of acid or base. 
. Buffer solutions can be classified as follows. 
(A) Simple buffer (B) Mixed buffer 
A. Simple buffer 
(1) It is a solution of one compound (salts of WA + WB) 
(ii) Buffer action of such solution can be explained as follows- 
In the salt solution of CH, COONH, equilibria will be, 
(a) CH,COO*(aq.) + NH,*(aq.)}+ HLO == CH,COOH(aq.)+ NH,OH(aq.) 
(Salt hydrolysis) 


(ш) 


(ii) 


(iii) 


(iv) 
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(b) NH,OH= NH," + OH (weak base) 
(c) CH,COOH = CH,COO +H "(weak acid) 
(d) H,O+H,O = H,O*+OH (feebly ionised) 
on addition of small amount of acid the [H+] in solution will increase and 
CH,COO + Н?  CH,COOH 
(from acid) (very less ionised) 
equilibria will shift in forward direction. Similarly on addition of small amount of base, the [OH ] in 
solution will increase 
NH, + ОН = NH,OH 
(from base) (very less ionised) 
equilibria will shift in forward direction. Hence one can conclude that there will be no change (almost) 
in the pH of the solution. 
Simple buffer solutions have very little significance since 


pH =7+5рК,- 5 2 PK, 
so solution of desired pH can not be prepared. 


Mixed buffer 

Mixed buffers are solutions of more than one compounds. They can be further classified as 
(a) Acidic buffer (b) Basic buffer 

Acidic buffer 

These are the mixture of a weak acid and its salt with strong base. 

e.g. 


(a) CH,COOH * CH,COONa 
(b) Boric acid (H,BO,) + Borax (Na, B,O,) 


Buffer action of acidic buffer can be explained with following equilibria, 
(a) CH,COOH —+ Н? + CH,COO- 
(Feebly ionised.) 
(b CH,COONa —э Nat + CH,COO- 
(completely ionised.) 
© но — Н + OH 


When a strong acid is added in the solution [H'] increases, which will combine with CH,COO™ to 
form feebly ionised CH,COOH, which is also suppressed by common ion effect, 

СН,СОО + Н (from acid) = CH,COOH (Weak Acid) 
Again when strong base is added in the solution it will attack on unionised acid CH,COOH to form 
feebly ionised H,O molecules 

CH ‚СООН + OH" (from base) = CH,COO-+ H,O 
One can remember, buffer action of acidic buffer with the help of following figure - 


B + acid 
added oH H added 


pH calculation for acidic buffer 
(a) CH,COOH —CH,COO  -*H'(K) 


(b) CH,COONa —90_, CH, C007 (aq. ) + Na* (ад.) 
cH, С ООН is feebly ionised and its ionisation is also suppressed by presence of common ion 
(CH, COO). 
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Note : 


(ii) 


So one can fairly assume [CH ,COO ] = [salt] and [CH ,COOH] =[Acid] taken initially in buffer 
solution. 


K . [H'][CH.COO ] 

» a ^ [CHCOOH] 
... KalCH,COOH| 
or [H*] = “тсн соо-] 


log[H']-logK,*log[CH,COOH]-log[CH,COO ] 


-log[H*] = —logK, — log[CH,COOH] + log [CH,COO ] 


[CH4COO ] 


pH = pK, + log TCH COOH] 


[Conjugate base) 
pH = pK, + log 2 [Add 


or pH = pK, + log facia 


Above equation is called Henderson's equation. 


If we increase the concentration of given salt in acidic buffer, pH will also increases. 
If we increase the concentration of acid in acidic buffer, pH will decreases. 
If conc. and volume are given for salt and acid then the pH is given by the following formula- 


IN;V;] 
pH 7 pK, + log y] 


Where N,V, = conc. & volume of salt 
N,V, =conc. & volume of acid 


Mixture of weak acid and strong base solution can also act as an acidic buffer, if value of NN, 
of weak acid is greater than the value of NV, of strong base. 

Basic Buffer 

These are the mixture of a weak base and its salt with strong acid. 

e.g. 

(a) МН,ОН + МН,СІ 

(b) . Glycine (NH,CH,COOH) + Glycine hydrochloride (CINI 1,CH,COOH) 

Buffer action of basic buffer can be explained with the help of following equilibria 

(a) NH,OH — NH, + OH (K,)(Feebly ionised) 

(b) NH,CI —9 NH,’ + СГ (Completely ionised) 

(c) H,O — > Н? + OH- (К) 

When a strong base is added in the solution [OH ] increases, which will combine with NH,* to form 
feebly ionised NH,OH, which is also suppressed by common ion effect. 


(ш) 


(iv) 


(vi) 
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NH,'*OH (From base) = NH,OH (Weak base) 


Again when strong acid is added in the solution it will attack on unionised base NH „ОН to form feebly 
ionised H,O molecules. 


NH,OH + H* (From acid) = NH,*- H,O 
One can remember the buffer action of basic buffer with the help of following figure - 


pH of such basic buffer can be calculated from Henderson - equation as follows. 

(a)  NH,OH —> NH, *OH (Kj) 

(D — NH,CI —2— NH, (aq.) + СІ (aq.) 

МН ;ОН is feebly ionised and its ionisation is also suppressed by presence of common ion (NH,*). 


So one can fairly assume [NH,'] = [Salt] and [NH,OH] = [Base] taken initially in buffer 
solution. 


= [OHI NH; 
" К = мон 
K,[NH,OH] 
ZEN C © 
K, [Base] 
е [Salt] 

[sait] 
or pOH - pK, * le£ [Base] 
or pH = 14 – pOH 

Buffer Capacity 


The property of a buffer solution to resist alteration in its pH value is known as buffer capacity. 
Buffer capacity is number of moles of acid or base added in one litre of solution so as to change the 
pH by unity, i.e. 
| Number of moles of acid or base added llitre solution 

Buffer capacity (ф) = 77mm Change e pH —— IE 
Higher the buffer capacity, better will be the buffer solution 
For maximum buffer capacity of a given buffer concentration of salt should be equal to the concentration 
acid/base 
A buffer solution work in a buffer range from pH = pK, + 1 

[Salt] 


A buffer solution work between O.1 « [Acid/ Base] <10 
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IHlustration 


Ans. 
Sol. 


3. 


Ans. 
Sol. 


What will be the pH of the buffer solution containing 0.15 moles of NH ,OH and 0.25 moles of NH.CI. 
K, for NH,OH is 1.8 x 105. 
(A) 9.08 (B) 10.03 (C) 9.05 (D) 9.03 
D 
Since it is a basic buffer so, 
pOH =pK,+log{Salt}/[Base] 
pOH =—logK,+log[Salt/Base] 
= -log( 1.8x10-5)-1og(0.25/ 0.15) 
= 4.74 + 0.22 = 4.96 
or pOH = 4.97 
pH 14-pOH 
14—-4.97 = 9.03 


Calculate the pH of a buffer prepared by mixing 300 cc of 0.3 M NH, and 500 cc of 0.5 M NH CI. 
Kb for NH, = 1.8 x 105- 
(A)8.11 (B)9.81 (C) 8.82 (D) None of these 
C 
Total volume ofthe buffer solution 
= 300 cc + 500 cc = 800 cc 
Number of milli moles of NH,=300 x 0.3=90 
Molarity of NH, (Base) in the buffer = 90/800 M 
Number of milli moles of NH,CI = 500 x 0.5= 250.0 
Molarity of [salt] in the buffer = 250/800 M 
Henderson's equation for basic buffer is: 


pOH --logK,-*log = 


= — log 1.8 х 1075 + log mise 


~ 90/800 
= 4.74 + log 250/90 
= 4.74 + 0.44 
= 5.18 
pH =14-—pOH = 14- 5.18 = 8.82 


Calculate the pH of a buffer solution prepared by dissolving 10.6 g of Na,CO, in 500 ml of an 
aqueous solution containing 80 ml of ІМ НСІ. (К, for HCO, = 6 х 10°!) 


(A) 8.6 (B) 9.6 (C) 11.6 (D) 12.6 
B 

Na,CO, + нс > NaCl + NaHCO, 
Мед. before TOS «1000 80 x 1 0 0 
Reaction = 100 80 0 0 


Мед. After 20 0 80 80 


Ans. 
Sol. 


Sol. 
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Reaction 
The solution Na,CO, and HCO, ~ and thus acts as buffer 
= (co, `] T L M 
pH = —log K, + log HCO, r" — log 6 x 10! + log = 80 = 9.6 


The concentration of H* ion in a 0.2 M solution of HCOOH is 6.4 х 10? mole L~! . To this solution 
HCOONa is added so as to adjust the concentration of HCOONa to one mole per litre. What will 
be the pH of this solution? К, for HCOOH is 2.4 x 10“ and the degree of dissociation of HCOONa 
is 0.75 

(A) 3.19 (B) 4.19 (C) 5.19 (D) 6.19 

B 

Assuming that the addition of HCOONa suppresses the ionization of HCOOH, we can use the 
expression 


oy [Salt] 
Н = pK, + Юю 
P P E ua [Acid] 
to compute pH of the solution, since salt is 75% dissociated we will get, 
075 


pH = -log(2.4 x 107) + log = 02 
= 3.62 + 0.57 = 4.19 


Calculate the ratio of pH of a solution containing | mole of CH,COONa + 1 mole of НСІ per 

litre and of other solution containing | mole CH,COONa + | mole of acetic acid per litre. 

(A) 1:1 (B)2:1 (1:2 (D)2:3 

C 

Case I - pH when | mole CH,COONa and | mole НСІ are present 
CH,COONa+HCI+CH,COOH+NaCl 


Before 1 1 0 0 
reaction 
After 0 0 1 1 
reaction 


[CH,COOH] = IM 
асос ike = jee = 
[H*] Ca = C.J? = JK, = JK, 


Case П - pH when 1 mole CH,COONa and 1 mole of CH,COOH, a buffer solution 
[Salt] _ 
[Acid] ~ 


pH, = – log К, + log logK, + — [Salt] = [Acid] = 1M 


pH, 5 or pH,: pH, = 1: 2 
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6. In which case pH will notchange on dilution 
(A) 0.01 M CH,COONa + 0.01 MCH,COOH buffer 
(B) 0.01 M CH .COONH, 

(C) 0.01 M NaH PO, 
(D) in all cases 

Ans. (D) 

Sol. Mixture of Sodium acetate and acetic acidis abuffer ofpH value equalto pK, so its buffer 
capacity is maximum and hence its pH willnotchange significantly whileCH,COONH, isasalt 
ofweak acid CH,COOH and weak base NH,OH whose magnitude of K, ‘and K, are equal. 
So itspH doesnot depend upon concentration. Further more, NaH,PO, is, in fact, a single 
solute buffer. 


Exercise 


1. Calculate pH of the buffer solution containing 0.15 moles of NH,OH and 0.25 moles of NH,CI. К, 
for МН ОН is 1.98 x 1075. 
(A) 7.034 (B) 9.04 (C) 8.043 (D) None of these 

Ans. B 


А What volume of 0.1 M HCOONa solution should Бе added to 50 ml of 0.05 М formic acid to 
produce a buffer solution of pH = 4.0, pK, of formic acid = 3.7 
(A) 50 ml (B) 40 ml (C) 30 ml (D) 60 ml 

Ans. A 


3. What amount of HCI will be required to prepare one litre of a buffer solution (containing NaCN and 
HCN) of pH 10.4 using 0.01 mole of NaCN. Given К, (HCN) = 4.1 x 10719 — 


10n 


(A) 8.55 x 10° mole (B) 8.65 x 10° mole 
(C) 8.75 x 103 mole (D) 9.9 x 10+ mole 
Ans. D 


4. 20 ml of 0.2 M NaOH is added to 50 ml, of 0.2 M CH,COOH to give 70ml, of the solution. 
What is the pH of the solution ? The ionization constant of acetic acid is 2 х 10-5 — 
(A) 4.522 (B) 5.568 (C) 6.522 (D) 7.568 

Ans. A 


SOLUBILITY (S) 


At a constant temperature, the mass of a solute or electrolyte dissolved in the 100 gm of solvent in its 
saturated solution is called solubility. 

Or 
Number of gm mole of a solute dissolved in one litre of water at constant temperature is called 
solubility of that solute. 
Solubility ofa solute in moles / litre 


_ Solubility of solute in gm / litre 
~ molecular weight of the solute 


(a) 


(b) 


(с) 


(4) 
(е) 


(0 


(2) 
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Solubility product (K.p) : 
It is the product of the ionic concentration of the ions of binary solid electrolyte in saturated state at 
constant temperature. 


Let solubility ofa compound A, B, be s moles 17! it means that if more than s moles are dissolved in 
solvent (one litre) only s moles will be soluble, rest will be insoluble, following equilibrium is established, 
AB e AB —> А*+В- 
Insoluble Unionised Ions 
Solute (Saturated solution) 


Note : In the solubility s moles L~', moles of only unionised are counted moles of ions and 
insoluble solute do not have anything to do. 


According to law of mass action - 


[A*][B] 
Kı = TAB] 
or K, [AB] = [A*] [B] = Kep 


Kg, is called solubility product. 
At acertain temperature solubility product of a compound is constant, it means that ions are formed in the 
manner that product of their concentration is always a constant. However, it becomes clear that if one of 
ions (А? orB )is added from outside, it would tend to increase К... because [A*] or [B ] has increased, 
so that extra ions will react with other ions to convert into insoluble part and it precipitates. 
К.р increases with increase in temperature. 
Ina saturated solution. 
Ksp = [A'][B] 
In an unsaturated solution of AB 
Ksp > [A][B] 
i.e. more solute can be dissolved. 
In a supersaturated solution 
Ksp < [A*] [BJ] 
i.c. precipitation will start to occur. 


Relationship between Solubility and Solubility Product : 
The equilibrium for a saturated solution of a salt A, B, may be expressed as, 
A,B, = xA" + yB* 
Thus, solubility product K,, =[A”} [B=] 
Let the solubility of the salt A, B, in water at a particular temperature be ‘s’ moles per litre then 
А, В; = xAY' + yB“ 
XS ys 
So, Ksp = [xs [vs 
Kop = x*. y(s)**? 
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S& Kp Relations 
(a) 1 : 1 types salts or AB type of salts : 
eg. AgCI, AgI, BaSO,, PbSO,, etc. 


AB = A’ +B 

let the solubility of AB is s moles per litre. 

So, K.p = [А187] = s*s=s* 
S = Kop 


(b) 1:20r2:1 type of salts or AB, or A,B type of salts : 
eg. Ag,CrO,, Pbl,, Ag,CO,, CaF,, CaCl, etc. 
О АВ, = A? + 2B 
$ 2s 
let the solubility of AB, is 's' moles per litre 
So, K,,-[A"][BT =s х Qs? = 45° 


(ii) А,В = 2A* + B^ 
let s the solubility of A,B 
So, А,В = 2A* + BP 
2s $ 


K,, = [AF [B®] =(2$)? (s = 4s? 


Bl 


(c) 1:3 type of salts or salts of AB, or A,B type of salt - 
АВ, = Valency of A = 3 х Valency of B 
eg. FeCl,, AICI,, PCI, Al(OH),, Fe(OH), etc. 
A,B = 3x Valency of = Valency of B 
eg. Na,BO,, Na,PO,, H,PO, etc. 
(1) АВ, = А?” + 3B- 
let the solubility of A,B is *s' mole / litre. 
АВ, = АЎ + 3B 
. s 3s 
K.p = [A"] [B]? =s х Gs)! = 275* 


4 
K, 
27 


G) А,В = ЗА + B2 
let the solubility of A,B is *s' moles/litre. 
A,B = 3A+ +В 
3s s 
Ks, = [А [B] 


= (3s x s = 27s* 


1/4 
K 
ЖЕТ 
27 


(d) 2:3 or A,B, type of salts : 
ер. AL(SO,), 
A,B, = 2A*? + 3B^? 
let the solubility of salt A.B, is ‘s’- 
So, A,B, = 2A" + 3B? 


2s 3s 


[ASP [BFF 
= (25)? х (3sP = 4s? х 275° 


к Ws 
5 al Œ 
108s 5 E 


Ksp 


Ksp 
Tilustration 


1. The solubility of CaF, in water at 20°C is 15.6 mg per dm? solution. What will be the solubility 


product of CaF, — 
(A) 4.0 x 104 (B) 8.0 x 107? (C) 32.0 x 10" (D) None 
Ans. C 
TM | ‚_ 156х10% _ = 
Sol. Solubility in moles per dm? = 78g/mole =2.0х10 


CaF, = Ca* + 2F- 
5 [Ca] = 2.0 x 107 
апі [Е] = 2x 2.0 x 10“ 
Hence, solubility product К, 
= [Ca?] [Е-]> = [2.0 x 107] [4.0 x 107? 232 x 107"? 
Given the solubility product of F,B, is 2 x 10°. What will be the solubility in moles/litre. 


? xl -28 1.5 
С) E (DAI 


ы 


E 2x19? Y" 
(A) (1.85 x 1032)/5. (B) 108 


Ans. B 
Sol  K,,ofA,B, = 2x 10. 
A,B, = 3A" «2B? 
Assume s is the solubility of A,B, 
then Ky, = (35) Qs)! = 108 sj 


5 
= sse _ (2x10? Y 
5 = "Y108 NEUE 


Exercise 

i How many milligrams of AgBr will dissolve in water to give litres of aqueous solution. Given K,,, for AgBr 
(Mol. wt. 188) = 5.0 х 107? M— 
(A) 7.071 х 107? moles per litre (B) 70.71 x 107 moles per litre 
(C) 707.1 x 1077 moles per litre (D) None of these 
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1. Effect of Common ion on Solubility : 
As we saw that fora saturated solution product of concentration of ions should not exceed a constant 
called solubility product. Now suppose, extra common ions are added to increase concentration of 
ions it will tend to increase the value of K  , but it can not increase so ions will react to form molecule 
and get precipitated e.g. let solubility of AB in water be s moles L^. It is dissolved in solution CB 
having a common ion В let concentration of CB be C. 
AB = A'- B 
s s s 
Kp = s? = [A] [B] -----(1) 
(Product should not exceed s* otherwise precipitation will start) Now. Let solubility of AB in CB be S. 
CB e C+ B 
С C С 
АВ - А +в 
S; $, 8, 
[А] = s, 
[B] =s,+C 
Ks» = (51) (s; + C) 
Ifs; <<< С 
Ksp = SC = s?, from equation (1) 
s 
or = 
So, solubility gets reduced. 
Illustration 
1. A salt M, X, dissolves in water such that its solubility is x g. mole/litre. Its K., is — 
(A) x (B) 6x? (C) 108 x? (D) 6x* 
Ans. C 
Sol Solubility of MX, =x gm mole/litre 
M, X, = 2M? + 3X? 
[M?] = 2х, [X?] = 3x 
Solubility product К. = (2х)2.(3х)?=108 x* 
2. Solubility product of AgCl is 2.8 х 10? at 25°C. Calculate solubility of the saltin 0.1 M AgNO, solution : 
(A) 2.8 x 10° mole/litre (B) 2.8 x 10°? mole/litre 
(C) 3.2 х 10° mole/litre (D) 3.2 x 10°" mole/litre 
Ans. A 
Sol In 0.1 M AgNO, 


AgNO, =Ag~+NO;, AgCl <= Ар? + СГ 
Ksp = [Ag*] [СГ] 
Now [Ag']can be taken as [AgNO,] 
while [CI ] is the solubility of AgCI 
K. 28x10" 


cni m 


Solubility of AgCI = 2.8x10^? mole/litre 


Sol. 


Sol. 


= 
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0.10 mol sample of AgNO, is dissolved in one litre of 1.00 M NH,. If 0.010 mol of NaCl is added to 
this solution will AgCl ,.. Precipitate? 


K ues 7 18 x 10, Колина 716x107 

Ag + — 2NH, ==> [Ag(NH),] 
0.10 M 1.00 

x (1-0.20)M 

70,80 M 0.10M 


It is assumed than all Ag+ ion has been complexed and only its part x is left 


[Ag(NH,):] 010 
11] —s xil m — —— 
KC [ag [NH] х(0х0)' 


2. X=9.8x 10°М = [Ag'] undissolved 

[CI ]71.0 x 102 M 

+, [Ag ]ICH-9.8 x 10? х 1.0x 10°=9.8 x 10?! < 1.8 х 10'К, (AgCI) 
Hence AgCl(s) will not precipitate. 


What is the minimum concentration of NH, required to prevent AgCl(s) from precipitating from 1.00 
litre ofa solution containing 0.10 mol of AgNO, and 0.010 mol NaCl? 

K (AgCl)- 1.8 x 107^ 

K,[Ag(NH,),] += 1.6 x10 


In order to prevent precipitation of AgCI 
[Ag ][CI ]S Ko 


=> [Ag* 100.01) < 18x10", As [CI ] =0.01 M 

2. [Ag] <1.8x 10*M 

The maximum concentration of free uncomplexed Ag” permitted in the solution is 1.8 x 10*. That is 
almost all Ag’ (0.10M) must be complexed 


[Ag ],, + ZNH, ==>  [Ag(NHj'] 


[NH]-?, — [Ag]- L.8 x I0* M. 
[Ag(NH,),] =0.10M 


BEI гез». 0.10 
t [4g [Na] T ~ (1.8%10)[NH, F 


2 [NH] = 0.3472 => [NH,]= 0.589 M 


The concentration calculated above is that of free uncomplexed NH, . [NH,] required by 


0.1 M Ag’ inthe formation of [Ag(NH,)]' 20.2 M 
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Exercise 


Ans. 


The solubility product of chalk is 9.3 х 10®. Calculate its solubility in gram per litre — 
(A) 0.3040 gram/litre (B) 0.0304 gram/litre (C) 2.0304 gram/litre (D) 4.0304 gram'litre 
B 


Given Ag’ (NH), Ag'?2NH,, К, = 6.2 x 10* and К 
concentration of complex in 1.0 M aqueous ammonia. 


= 1.8 x 107? at 298 K. Calculate the 


sp (AgCI) 


Ans. [Ag(NH,'),]- 0.539. 


ы 


Applications of K., : 

In purification of common salt : In a saturated solution of NaC! & impurities, by passing НСІ gas 
through it, increase the CF ion concentration which shifts the equilibrium NaC] => Na” + CT to left 
& causes the precipitation of NaCl. 


In preparation of NaHCO, by solvay method : Precipitation of NaHCO, from its saturated 
solution is done by addition of NH,HCO,, HCO, as common ion. 


Predicting precipitation in Ionic reactions : Precipitation in an ionic reactions could be predicted 
by comparing Kg, to the ionic concentration product of ions. 


Salting out action of Soap: When NaCl is added to saturated solution of soap (RCOONa) 
concentration of Na* increases & causes to precipitation of soap, it is due to [Na^] [RCOO ] > Kp- 


In qualitative analysis : Selective precipitation of salt in salt analysis due to suppression of common 
ion. 


THEORY OF INDICATORS 


An indicator is a substance which is used to determine the end point in a titration. In acid-base 
titrations, organic substances (weak acids or weak bases) are generally used as indicators. They 
change their colour within a certain pH range. The colour change and the pH range of some common 
indicators are tabulated below: 


pH range Colour change 


Methyl orange 3.2-4.5 Pink to yellow 
Methyl red 4.4-6.5 Red to yellow 


Litmus 5.5-7.5 Red to blue 
Phenol red 6.8-8.4 Yellow to red 
Phenolphthalein 8.3-10.5 Colourless to pink 


Theory of acid-base indicators: Two theories have been proposed to explain the change of 
colour of acid-base indicators with change in pH. 


Saved /storage/emulated/0/Pictures/TouchShot/ 


- 


20170808 _231035.jpa 


* ma 


47 


Ostwald's Theory 

The colour change is due to ionisation of the acid-base indicator. The unionised form has different 
colour than the ionised form. 

The ionisation of the indicator is largely affected in acids and bases as it is either a weak acid or 
a weak base. In case, the indicator is a weak acid, its ionisation is very much low in acids due 
to common H* ions while it is fairly ionised in alkalies. Similarly if the indicator is a weak base, 
its ionisation is large in acids and low in alkalies due to common OH ions. 


Let us derive Handerson equation for an indicator 
Hin * HO e НО + In 
"Acid form’ ‘Base form' 


Conjugate acid-base pair 


Kin = [In][H*,O}/[HIn]; KIn = lonization constant for indicator 
[H*,0] = KIn * [HIn]/In 


pH = -log;, [H*,O] = -log,,[KIn] - log,,[HIn]/[In-] 
pH = pKIn + log, {In-]/[HIn] (Handerson equation for indicator) 
At equivalence point 

[In] = [Hin] and pH = pKIn 


Working principle of phenothalene & methyl orange indicators : 


Phenolphthalein : It can be represented as HPh. It ionises in solution to a small extent as: 
HPh e H*+ Ph. 
Colourless Pink 


K = [H*] [Ph-] / [HpH] 


The undissociated molecules of phenolphthalein are colourless while Ph ions are pink in 
colour. In presence of an acid the ionisation of HPh is practically negligible as the equilibrium 
shifts to left hand side due to high concentration of Н? ions. Thus, the solution would remain 
colourless. On addition of alkali, hydrogen ions are removed by OH ions in the form of water 
molecules and the equilibrium shifts to right hand side. Thus, the concentration of Ph ions 
increases in solution and they impart pink colour to the solution. 


Methyl orange : It is a very weak base and can be represented as MeOH. It is ionized in solution 
to give Me* and ОНГ ions. 

MeOH e Mt + OH. 

Yellow Red 


K = [Met J[OH ][MeOH] 


In presence of an acid, ОН ions are removed in the form of water molecules and the above 
equilibrium shifts to right hand side. Thus, sufficient Me* ions are produced which impart red 
colour to the solution. On addition of alkali, the concentration of OH" ions increases in the 
solution and the equilibrium shifts to left hand side, i.e., the ionisation of MeOH is practically 
negligible. Thus, the solution acquires the colour of unionised methyl orange molecules, i.e., 
yellow. 
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(а) 


(b) 


(c) 


This theory also explains the reason why phenolphthalein is not a suitable indicator for titrating a 
weak base against strong acid. The OH” ions furnished by a weak base are not sufficient to shift 
the equilibrium towards right hand side considerably, i.e., pH is not reached to 8.3. Thus, the solution 
does not attain pink colour. Similarly, it can be explained why methyl orange is not a suitable indicator 
for the titration of weak acid with strong base. 


Quinonoid theory: 
The acid-base indicators exist in two tautomeric forms having different structures. Two forms are 
in equilibrium. 


Phenolphthalein has benzoid form in acidic medium and thus, it is colourless while it has quinonoid 
form in alkaline medium which has pink colour. 


Methyl orange has quinonoid form in acidic solution and benzenoid form in alkaline solution. The 
color of benzenoid form is yellow while that of quinonoid form is red. 


P М. wr TEN, 


c C- ===: -C Ça 


Nea Neuen 


CH = CH CH=CH 


The two forms have different colors. The color change in due to the inter conversation of one 
tautomeric form into other. 


One form mainly exists in acidic medium and the other in alkaline medium. 


Thus, during titration the medium changes from acidic to alkaline or vice-versa. The change in pH 
converts one tautomeric form into other and thus, the colour pa Occurs. 


axo va oz * OX. 


Benzenoid form Quinonoid form 


Phenolphthalein indicator 
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Selection of suitable indicator 


In order to choose a suitable indicator, it is necessary to understand the pH changes in different 
types of titrations. The change in pH in the vicinity of the equivalence point is most important for 
this purpose. 


The curve obtained by plotting pH as ordinate against the volume of alkali added as abscissa is 
known as neutralisation or titration curve, 


Types of Neutralisation reaction 


(i) 


(ii) 


(iii) 


(iv) 


Strong acid vs. strong base: 
pH curve of strong acid (say HCI) and strong base (say NaOH) is vertical over almost the pH 
range 4-10. So the indicators phenophthalein (pH range 8.3 to 10.5), methyl red (pH range 
4.4-6.5) and methyl orange (pH range 3.2-4.5) are suitable for such a titration. 
Weak acid vs. weak base: 
pH curve of weak acid (say CH,COOH of oxalic acid) and strong base (say NaOH) is vertical 
over the approximate pH range 7 to 11. So phenolphthalein is the suitable indicator for such a 
titration. 

12} Strong acid and 


11} strong base T 
* 10 t 
9 | 
в 8 
27 s 
3 $e 
rs rs 
Gi a 
3 3 
2 2 
22.5 25 27.5 2 
mL of base —* 
12 à 
4 Mf Strong acid and + 
10р weak base ^. 
5 М, | : 
E 8 vö 
в? 27 
as > 6 
a 4 & 1 
+ 3 
2 2 - 
225 25 275 25 15 25 
mL of base ——e mL of base —e 


Strong acid vs. weak base: 

pH curve of strong acid (say HCl or H,SO, or HNO,) with a weak base (say NH,OH) is vertical 
over the pH range of 4 to 7. So the indicators methyl red and methyl orange are suitable for such 
a titration. 


Weak acid vs. Strong base : 
pH curve of weak acid (say CH,COOH) with a strong base (say NaOH) is vertical over the pH 
range 7 to 10. So phenopthalene is suitable indicator for such titration 
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Illustration 


1. The pH at which anacid indicator with K =1 x 10* changes colours when indicator concentration 
is | x 10° Mis 


(A)4 (B)5 (C) 6 (D)3 
Ans. B 
Sol  Foracid indicator Hin 
Hin => Н +ir 
Cololu(A) Colour (B) 
[HIS] Б 
n^ HL] when [I] = [Hip] indicator changes colour. 
Kl, = [H'] 2 1 x 10? „рН = 5 
Exercise 
1. If an acidic indicator HInlonises asHIn ==> H' + Im .To which maximum pH value its solution 
has distinct colour characteristic of Hin. 
(A) pK,- 1 (B) pK, +1 (C) pK, (D) 7 
Ans. B 
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Sol. 


Sol. 
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Sol. 
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SOLVED EXAMPLES 
Foran aqueous solution to be neutral it must have 
(A) pH=7 (B)[H'] =[OH] — (OH]- K, (D)[H] < [OH] 


B 
For neutral solution [H,] always mustbe equalto [OH] 


Ifanaqueous solution at 25°C hastwice as тапу OH as pure water its рОН will be 
(A) 6.699 (B) 7.307 (O7 (D) 6.98 
A 


[OH] = 2x10? 
pOH =14 -pH or -log [OH] 


The pH of a solution prepared by mixing 50.0 mL of 0.02 M NaOH and 50 mL of 
0.04 M CH,COOH is (К, = 1.8 x 1075). 

(A)4.74 (B) 5.74 (C) 3.74 (D) 7.45 

A 

50 mL of 0.02 M NaOH contains 1 milli moles of OH” 

50 mL of 0.04 M CH,COOH contains 2 millimoles of H* 

The combination of the two solutions will give 1 milli mole of salt, and 1 milli mole of acid will be left 
behind. By using Henderson equation 


[Salt] [0. 1 milli mole per 100 mL of soln. ] 
MEET d] ee [0.1 mill mole per 100 mL of soln.] 
Or pH = – log К, = — log (1.8 x 105) = 4.74 


The pH of a solution containing 0.10 M H,BO, and 0.18 M NaH, ВО, is 
(К, H,BO, = 7.3 x 10?) 


(A) 7.5 (B) 12.0 (C) 9.39 (D) 10.43 
б 
The dissociation of H,BO, is 


H,BO, + H,O э H,BO, + H,O* 
[н,во, ][н,0*] _(0.18).x 


- 273x10 
[H,B0,] (0.10) 
Or x =[H,O°] =4.1 х 107? or pH = - log x =- log (4.1 x 1079) 
= 9.39 


What molar concentration of ammonia will provide a hydroxyl ion concentration of 
1.5 х 10°? (К, = 1.8 x 10°) 

(A)0.125M (B)0.12M (C) 0.13 M (D)0.14 M 

C 

The reactionis МН, + H,O z—NH,' + OH- 


[nnt [on] (15x102)(1.5x103) 


= 1.8 х 105 = — = =1.8x10~ 
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Ап$. 


Sol. 


Q.7 


Ans. 


Sol. 


Q.8 


Ans. 


Sol. 


Equilibrium conc. of ammonia [NH,] = 0.125 M 
And, total [NH,]= 1.5 x 10? + 0.125 2 0.13 M 


A solution of a monoprotic weak acid has acidity constant equal to K,, The value of minimum concentration 
C in terms of K, such that the concentration of undissociated acid can be equated to C within a limit of 
error of 10% is 

(A)C = IOK, (B) C 70.9 К, (C) C 7 0.1 K, (D)C - 90K, 

D 


H;O|LA" 
The reaction is. HA + H,O === Н,О' + A and K, = [ ol | 


Let C be the minimum initial concentration and x the degree of dissociation. Then 


x2 


Em 
Normally, we make the approximation that C — x ~ C within an error of 10%. 
Therefore, C-x = 0.90 C or x = C-0.90 C= 0.10 C 


K, 


E 
- 


x? (010) ool? c 
К = - =———=— orC-90K, 
=" C-x 090с 090С 90^ . 

If the degree of ionization of water be 1.8 x 10? at 298 К. Its ionization constant will be 
(A) 1.8 x 10" (B) 1x10" (C) 1x10" (D) 1.67 x 10?* 
A 

Кс: NM :3á 

=— = —— =18x 10 
a H,O) 555 ‘ 


The hydrolysis constant for ZnCl, will be 
„Ж Kn? 


мі 
K,* А 


am 
(A) Къ = к” (в) KK (С) Kn = 


Where К, is effective dissociation constant of base Zn“ 


B 
Zn" +2н,0 Zn(OH), + 2H’ 
[Zn(OH),]H' * 
OK, = 2 
h [Zn] (1) 
Zn(OH), Zn^ +20H 
[Zn** OH a а 
3,515 RTT, К, =[H*][OH"]-. 2* =k 
° [ZH] а "és 
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Sol. 


Q.10 


Q.11 


Ans. 
Sol. 
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The solubility product of Hg, І, is 1.2 x 1075. The concentrations of cation and anion in a saturated 
solution of Hg, I in water is 

(A) Hg, - 3.1 x 10° M and ~ 62 x 107 M 

(B) Hg,?* - 62 x 10" M and F- 12.4 x 107? M 

(С) Hg,** – 3.1 x 10* M and ~ 62 x 107+ M 

(D) Hg;?* ~ 3.6 x 10° M and F- 1.8 x 10? M 

A 

Hg, І, === Hg,” + 2L Ksp = [Hg,"].[E T = 1.2 x 10°78 

Let Hg,”* be x, then >= 2x 


pas: 
iae 3 


12x 10728 = х. g= orx=| " 


Or  x-3.1x 107? M = [Hg] 
2x =6.2 x 10° M = [H] 


Mg(OH), has a solubility product equal to 1.2 x 107! A solution contains 0.10 moles of magnesium 
ions per litre. The maximum pH of the solution from which Mg(OH), will not precipitate is 

(A) 4.96 (B) 9.04 (C) 12.13 (D) 6.94 

B 

Mg (ОН), === Mg* + 20H- K,712x 107! 

[OH] higher than that contained in a saturated solution will cause precipitation. Therefore, the solution 
must be at the point of attaining equilibrium and the concentration of ions in solution must be no greater 
than those required to satisfy the solubility product constant. In this solution, [Mg^'] = 0.10 M and 
[Mg] [OH T = 1.2 x10"! 


_11 
(OH = EL or [OH] = 1.1 x 105 or рОН = 4.96 
Or pH=9.04 


Solubility of AgCl in water , 0.01 M CaCl,, 0.01 M NaCl and 0.05 M AgNO, are S, ,5,,5, ап, 
respectively then. 

(A)S, > Sj,» S,» S, (В) 5,> S, >S,>S, (COS, >S,=S, > 5, (0) 5,> 5, >5, <S, 

B 


AgCI Ag + CI- 
InCaCl, 

CaCl, Ca? +2Cr 
0.01 001 2x00! 


In NaCl 
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Q.12 


Sol. 


Q.13 


Sol. 


Q.14 


Sol. 


Q.15 


NaCl Na’ +: Ck 
0.01 0.01 0.01 
InAgNO, 

AgNO, Ag + NO, 
0.05 — 0.05 0.05 


common ioneffect is maximum іп AgNO, 
So, S, >S,>S, > $, 


Calculate the pH of 0.01 N formic acid solution. The dissociation constant of the acid is 1.77 х 107. 


HCOOH === HCOO- + H 
C-Ca Ca Ca 


and К, = Co? or 1.77 x 107 2 0.01 хо? 


or a, DIOE ees ig? 
0.01 
Or a = 0.1245 x 107 
Or [Н] = С.а = 1.245 x 10? and pH =— log (1.245 x 103) 
Or pH = (0.015 — 3.00) =- (- 2.905) 
-29 


What will be the pH of a solution formed by mixing 40 mL of 0.10 M HCI with 10 mL of 0.45 M 
NaOH? 


0.1 
1000 


40 mL of 0.1 M HCI = x40 = 0.004 moles of HCI 


0.45 


Similarly, 10 mL of 0.45 M NaOH = 1000 x10 = 0.0045 moles of NaOH 


Thus, NaOH left unneutralised = 0.0005 moles in a volume of 50 mL 


| 1000x 0.0005 : 
Concentration of NaOH = E 3 = 0.01 2107 M 


Therefore, [OH] = 10? М or [H*]= 107'2 M or pH = 12.0 


A solution of HCI contains 0,1920 g ofan acid in 0.5 litre of a solution, The degree of dissociation is 
95%. The pH of the solution is ? 


Concentration C of HCI solution = кый =0.010М 
36.5х0.5 

The degree of dissociation is 95% i.e., = 0.95 

Therefore, [Н+] = 0.010 x 0.95 = 0.0095 


pH = -log[H'] = – log (0.0095) =-[3.9777] = —(—2.02) = 2.0 


A solution of acetic acid is 1.0% ionised. Determine the molar concentration of acid 
(K, = 1.8 x 105) and also the [H*]. 


Sol. 


Q.16 


Sol. 


Q.17 


Sol. 


Q.18 


Sol. 


Q.19 


Sol. 
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CH,COOH == CH,COO- + Н“ where ‘C’ is the concn. of the acid and a is the 
C-Ca Ca Са degree of dissociation. 


K, = L8 x 105 = Co? 
1.8 х 107° = С. (001P or C = 1.8 х 105 x 10* = 1.8 x I0! M 
[H^] = Са or [Н] = 1.8 x 107! x 0.01 = 0.18 x 0.01 = 0.0018 M or 1.8 x 102 M 


A reaction CaF, ===Ca**  2F- is at equilibrium. If the concentration of Ca?* is increased four times, 


what will be the change in F- concentration as compared to the initial concentration of F? 


[са?*][-]' 


. When the concentration of Ca?“ increases 
[CaF] 


The dissociation constant K of the reaction = 


and becomes four times, the concentration of F` must decrease by the same value. This is necessary in 
order to maintain К as constant. Since the F^ concentration is raised to the power 2 in the expression, 
the concentration of fluoride ion must decrease by 1/2. 


An acid solution of pH = 6 is diluted 1000 times, the pH of the final solution is 
pH = 6 means [H*] = 10° M. After dilution, the hydrogen ion concentration becomes 
10? M. Under such conditions, the hydrogen ions obtained from water cannot be neglected. 
Total [H^] = 10? + 107? (approx.) 
= 107 (1072 + 1) 
= 107 (1.01) 
[The contribution of H* from water will not be exactly 107? but still we can make an approximation in an 
objective problem and take it as 1077] 
pH =- log [H*] =- 1.01 x 107 
= 7 — 0.0043 = 6.9957 


Calculate the pH of an aqueous solution of 1.0 M ammonium formate assuming complete dissociation 
(pK, of formic acid = 3.8 and pK, of ammonia- 4.8) 

HCOONH, + H,O HCOOH + NH,OH 

The pH of the salt of (weak acid and weak base) is given by 


pH = IPK, + pK, -pK,] => pH — [4438-48] z6.5 


When 0.100 moles of NH, are dissolved in sufficient water to make 1.00 L of solution, the solution is 
found to have a hydroxide ion concentration of 1.33 x 10? M. 

(a) What is the pH of this solution? 

(b) What will be the pH ofthe solution when 0.100 mole of NaOH is added to it? Assume no change in 
volume. 

(c) Calculate K, for ammonia. 

(d) How does NaOH added to the solution affect the dissociation of ammonia? 


1.00x107"* 


in ^09 and pH = 11.12 
d x 


(а) [OH] = 1.33 x10? M — [H']- 
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Q.20 


Sol. 


Q.21 


Sol. 


Q.22 


Sol. 


(b)When 0.1 mole of NaOH is added, it will completely ionise to give 0.1 mole of 
ОН”. Hydroxyl ions obtained from NH, are negligible in comparison to those obtained from NaOH. 
Therefore [OH ] = 107! M or [H*] = 107? M or pH = 13 


imm Јон чы. МН,+Н,О ==NH,'+OH™ =1.79 x 105 
he” [NHS] (0.100 —-0.00133) Er Ht = 1.79 x 


(d) In the presence of NaOH, the ionisation of ammonia is suppressed. 


The pK, of NH,OH is 4.75. An aqueous solution of NH,OH is titrated with HCl. The pH of the solution 
at a point when half of NH,OH is neutralised is 

When half of NH,OH is neutralised 

[NH,OH] =[NH,Cl]. By using the Henderson equation, 


OH =pK, +1 аі OH = 4.75 
р rý „” og [Base] orp -— 4. 
pH -14-475-925 


Calculate the pH at the equivalent point of the titration between 0.1 М CH,COOH (25 ml) with 0.05 
M NaOH. Ka (CH,COOH)- 1.8 x 10°. 
We have already seen that even though when CH,COOH is titrated with NaOH the reaction does not 
go to completion but instead reaches equilibrium. We can assume that the reaction is complete and then 
salt gets hydrolysed because, this assumption will help us to do the problem easily and it does not effect 
our answer. 
He | К.К, 

чату С 
First ofall we would calculate the concentration of the salt, CH,COONa. For reaching 
equivalence point, 
= 2 2 
<. 0.1x 25 = 0.05xV, 
—, V,750ml 


Therefore [CH,COONa]- M Я x 


10 "xL8x107 —5 55 x 105 — pH =-log 232 x 105 — 8.63 


+ [H']- 
x Y 01/3 


Should Mg(OH), precipitate from a solution that is 0.01 M MgCl, if the solution is also made 0.10 M 
in NH.. [K sp (MgiOH)2> =1 -8х10" , Kawsa 1.8 x 107] 


[OH] in 0.10 M NH, OH- JK,C , (Ostwald's dilution law) 
= /18x10°x0.010 =134x10°M — -—[Mg"]-001IM 


lonic product = [Mg"][DH F= (0.01)x (1.34х10°) = 1.8 xxl0*> K 
Іопіс product is greater than К. of Mg(OH), hence precipitation should occur. 


Q.23 


Sol. 


Q.24 
Sol. 


Q.25 


Sol. 
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The solubility of Pb (OI D), in water is 6.7 x 10* M. Calculate the solubility of Pb(OH), in buffer solution 
of pH = 8. 

K on = 4S°=4 x (6.7x10°) 

= 1.203 x 10° 

The pof buffer solution = 8, рОН = 6 

<. [OH T-10* 

for left solubility of Pb (OH), 

[Pb] [OH F= К = 

= (5) (25+10%):=1.203 x 10° 


_ 120 10 
AX (s+ 
=> s= 1.203х10 mol / It 


* =10*) 


Given the solubility product of Pb, (PO,), is 1.5 x 1072. Determine the solubility in gms/litre 
Solubility product of pb, (PO,),= 1.5 x 10° 

Pb,(PO,), 3Pb" + 2P0,* 

If x is the solubility of Pb, (РО,), 

Then K -(3x)(2xy- 108x* 


1 
_; [Ke (9x | 


\ 108 108 


х= 1.692 x 107 moles'lit 

Moleculer mass of Pb, (РО,), = 811 

х = 1.692 х 107x 811 g/lit 1.37 x 107 g/lit 

Solubility product is 

Ksp (SrC,O,)- [Sr ][C,O?]-(5.4x 104) = 2.92 x 107 


Calculate the pH at which an acid indicator with К = 1 x 10° changes colour when indicator concentra- 
tion is 1 x 10? M. Also report the pH at which coloured ions is 80% present. 
For indicator dissociation equilibrium 


Hin H* + In- 
Colour A Colour B 
MIS 
„= 
[HI,] 
The mid point of the colour change ofan indicator HI, is the point at which [In] [НІ ], К, = [H*] 
=1x10°1 
SpH-3 
Thus at pH = 5 the indicator will change its colour 
[Ti] ‚_[н°]х80/100 
Кы=— => 1x10° 2 ———2————— 
[Ht, ] 20/100 
^. [H+]= 0.25 x 10° z. H = 5.6020. 
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s-BLOCK 


The elements in which the last electron enters the outermost s-orbital are called s - block elements, The 
group | and 2 of periodic table belong to the s-block. 


ALKALI METALS 


ALKALI METAL AND THEIR COMPOUNDS 


@) 


(ii) 


(iii) 


(iv) 


(v) 


(vi) 


(vii) 


(viii) 


The Elements : are Li , Na, К, Rb, Cs, Fr (Radioactive : t, , of Fr??? = 21 minutes) 

group - I elements are called alkali metals because they from hy droxides on reaction with water, which 
are alkaline in nature. 

Outer Electronic configuration : ns' 


Atomic Radii. The atomic radii of alkali metals are largest in their respective periods. The atomic 
radii increase on moving down the group from top to bottom. 


Li < М < K<Rb<Cs<Fr 


Ionic Radii. Alkali metals change into positively charged ions by losing their outermost electron. 
These ions are considerably smaller than the parent atoms. Ionic radii increase on moving down the 
group. 


Density. Alkali metals have low densities due to their large atomic size. Densities increase on 
going down the group from top to bottom. Potassium is, however lighter than sodium. 

Li « K « Na « Rb « Cs 
Exception : Density of K « Na due to abnormal increment in size of K. 


Ionization Energy. The first ionization energies of alkali metals are very low as compared with 
the other elements of the same period. 


Li > Na > K > Rb > Cs 


Electropositive Character. On account of their low ionization energies, these metals have a strong 
tendency to lose their valence electrons and thus change into positive ions. Consequently, alkali 
metals are strongly electropositive or metallic in character. As this tendency for losing electrons 
increases down the group, the electropositive character increases, 


Li < Na < K < Rb < Cs 
Oxidation State. Alkali metals exhibit an oxidation state of +1. 


Reducing Character : All the alkali metals are good reducing agents due to their low ionization energies. 
Their reducing character, however, follows the order : 


Na<K<Rb<Cs<Li 


(ix) 


(x) 


(xi) 


(xii) 


(xiii) 


(xiv) 


(xv) 


(xvi) 


The reducing character of any metal is best measured in terms of its electrode potential which among 
other things depends upon its (i) heat of vaporization (ii) ionization energy and (iii) heat of hydration. 
Since Li* ion has the smaller size, its heat of hydration has the highest value. Therefore, among the alkali 


metals Li has the highest negative electrode potential (E^. пі 773.05 volts) and hence is the strongest 


reducing agent. 
Element Li Na K Rb Cs Fr 
Ез. (V) at 298 К for -3.05 -2.7] -2.93 -2.93 -2.92 - 


M'(aq)*e —> M(s) 


Melting and Boiling point. The generally low values for cohesive energy are reflected in the very 
low values of melting and boiling points in the group. The cohesive energy decreases down the 
group, and the melting points decreases correspondingly. 


Melting point (°C) Boiling point (°C) 
Li 181 1347 
Na 98 881 
K 63 766 
Rb 39 688 
Cs 28.5 705 


Softness: These metals are soft and Malleable and have metallic lusture when they are freshly cut 
due to oscillation of loosely binded electrons. 


1 
Size of hydrated ion 
Size of the hydrated ion is = Li'(aq) > Na'(aq) > К^(ад) > Rb'(aq) > Cs'(aq) 
Order of ionic mobility 
Li'(aq) < Na'(aq) < K'(aq) < Rb‘(aq) < Cs'(aq) 


Ionic Mobility: lonic mobility = 


Crystal Structure : All the Alkali metals have their body centre cubic (BCC) structure with 
coordination Number 8. 


Flame Colouration. Alkali metals impart characteristic colours to the flame when they are heated 
in a Bunsen burner flame. 


LiCannine Red, Na-Golden Yellow, K- violet (Lilac), Rb-Reddish Violet; Cs—Blue violet 
Colour - The compounds of alkali metals are typically white 
Magnetic behaviour - The compounds of alkali metals are diamagnetic. Superoxides of alkali 


metals are, however, paramagnetic. 


Hydration. Most of alkali metal salts dissolve in water, In solution alkali metal ions are hydrated. 
Since Li* ion is smallest in size it is most heavily hydrated. Salts of lithium such as LiF, Li,CO,, 
Li,PO, are insoluble in water. 


Illustration 


Sol. 


ANS. 
Sol. 


The first three elements of Group 1 have the following atomic structures 

(a) Lithium : 3p, 4n; 2, 1 electrons 

(b) Sodium : 11р, 12n; 2,8, 1 electrons 

(c) Potassium : 19p, 20n; 2, 8, 8, 1 electrons 

Which ofthe following features causes them to have similar properties ? 

(A) The same number of protons (B) More protons than electrons 

(C) Two electrons in the first shell (0) One electron in the outermost shell. 
(D) 


One electron in the outermost shell. 


Considering greater polarization in LIC] compared to that in NaCl, which of the following statements you 
would expect to be wrong ? 


(A) LiCl has lower melting point than that of NaCl 

(B) LiCl dissolves more in organic solvents 

(C) LiCl will ionize in water more than NaCl 

(D) Fused LiCl would be less conducting than fused NaCl. 

(C) 

According to Fajan's rules, higher the polarization, higher is the covalent character. Thus, LiCl is covalent 
while NaCl is ionic. As a result, LiCl will not ionize in water more than NaCl. 


Exercise 


Ans. 


Sodium ordinarily does not show an oxidation state of *2, because of its 
(A) High first ionization potential (B) High second ionization potential 
(C) Large ionic radius (D) High electronegativity 

(B) 


Mark the false statement ? 

(A) The electropositive character of alkali metals decreases with increase in atomic number 
(B) Lithium is a hard metal and cannot be cut with a knife 

(C) Alkali metals are strong reducing agents 

(D) Electronegativities of all alkali metals lie between 1.0 to 0.7. 


(A) 
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CHEMICAL PROPERTIES 


(a) 


(b) 


The alkali metals are highly reactive elements. The reactivity of alkali metals is due to low 
value of ionization energy; and low heat of atomisation. 


The reactivity of alkali metals increases from Li to Cs 
Reaction with hydrogen. Alkali metals react with dry hydrogen to form hydrides. 


2M +H, —H##"_, 2M 
These hydrides are ionic in nature and exist as crystalline solids. 
The hydrides of alkali metals react with water to form corresponding hydroxides and hydrogen gas 
LIH + H,O + LiOH + Н, 
NaH + H,O — NaOH + Н, 
These hydrides are strong reducing agents and their reducing nature increases down the group. 
Alkali metals also from complex hydrides such as LiAIH, and NaBH,, which are also good reducing 
agents. Alkali metal hydrides donot exist in water and this reaction with any other reagent is carried 
out in protic solvent, 
4LiH + AICI, —2%°%е , L' ;jAIH, + 3LiCl 


4NaH + B(OCH,), —3959* , Na[BH,] + 3NaOCH, 


Trmethyborate 


Fused alkali metal hydrides on electrolysis produces H, gas at anode 


Formation of oxides and hydroxides : 
These are most reactive metals and have strong affinity for O, quickly tamish in air due to the formation 
of a film of their oxides on the surface. These are, therefore, kept under kerosene or paraffin oil to 
protect them from air. 
M +0, ——— M0 ——> М,0, 

Oxide Peroxide 
When bumt in air (O,), lithium forms lithium oxide (Li,O) sodium forms sodium peroxide (Na,O,) and 
other alkali metals form super oxide (MO, i.e. KO,, RbO, or CsO,) 


2Li * 1 О, — — 14,0; 2Na + О, ——— Na,O, 
Lithium oxide 
K + 0, ——» KO, 
Potassium super oxide 
The reactivity of alkali metals towards oxygen to form different oxides is due to strong positive field and 
thus combines with small anion O^ to form stable Li,O compound. The Na’ and K* being relatively 
larger thus exert less strong positive field around them and thus reacts with larger oxygen anion 
i.e., O;" and O," to form stable oxides. The monoxide, peroxides and superoxides have О, and 
О, and O," ions respectively. The structures of each are, 


1-5-0: [Ö.Ö] [.O:70:] 
Monoxide (O.) Peroxide (O; ) Superoxide (О, ) 


(iii) 


(iv) 


(v) 


(vi) 


The О, ion has one three electron covalent bond and has one electron unpaired. It is therefore superoxides 
are paramagnetic and coloured. KO, is light yellow and paramagnetic substance. 


The oxides of alkali metals and metal itself give strongly alkaline solution in water with evolution of heat 


1 
M - HO 2 MOH * 5 Н, AH -— ve 
Li,O + H,O — 2LiOH; AH = ~ хе 
Na,O, + 21,0 — 2NaOH + H,O AH =—ve 


2KO, + 2H,O > 2КОН + Н,0,,+0,; AH-- ve 


T 
Reaction with nitrogen. Lithium is the only element in the group that reacts with dinitrogen to 
form a nitride. Lithium nitride, Li,N, is ionic (311° and №), and is ruby red. Two reactions of the 
nitride are of interest. First, on heating to a high temperature it decomposes to the elements, and 
second, it reacts with water, giving ammonia. 

ILIN. . et , GLi - н, 


Li,N + 3H,O — 3LiOH + NH, 


Reaction with water. The hydroxides of alkali meals are strong bases, all of which are highly 
soluble in water as well as in alcohol and are stable towards heat. Lithium hydroxide, however, is 
an exception. It is slightly soluble in water and loses a water molecule on heating. 

2LiOH "ex ,Li,O + H,O 


The basic character of alkali metal hydroxides increases in going down the group. This can be 
explained in terms of decreasing polarising power of alkali metal ions. 


LiOH is relatively covalent. As moving down the group ionic nature of hydroxides increases. More 
the ionic nature of hydroxide; basic nature of hydroxide will increase. 
Thus, the basic character of alkali metal hydroxides is in the order: 

LiOH < NaOH < KOH < RbOH < CsOH 


Reaction with Water. Alkali metals react with water and other compounds containing acidic hydrogen 
atoms such as hydrogen halides (HX) and acetylene (C,H,) and liberate hydrogen gas. 


2Na + 2H,O — 2NaOH + Н, 
2Na + 2C,H,OH — 2C,H,ONa + Н, 
2Na + 2НХ ~» 2NaX + Н, 
2Na + 2HC = СН ~ 2NaC = СН + Н, 
On descending the group from lithium to caesium, the vigour of the reaction increases. 
All the alkali metals when exposed to atmosphere react with oxygen and moisture to form oxides 
and hydroxides and therefore their surface gets tarnished. In order to protect from atmospheric 
oxygen and water, these metals are stored under kerosene oil. 
Reaction with Halogens - Alkali metals react with halogens to form metal halides, which are ionic 
crystalline solids having general formula МХ”. 
2M + X, > 2MX 
All the halides of alkali metals except lithium fluoride are freely soluble in water. The low solubility 
of lithium fluoride is attributed to greater force of attraction between lithium ions and fluoride ions in 
the crystal lattice. 


(viii) 


(x) 


(xi) 


Reaction with Non Metals - Alkali metals, on heating react with non — metals such as sulphur 
and phosphorus to form sulphides and phosphides respectively. 
2M* S > M,S 3M +P > МР 


Solubility in Liquid Ammonia. 
Alkali metals dissolve in liquid ammonia (high conc. 5 М) and give blue solution which is conducting, 
reducing and paramagnetic in nature. 


Reason 

On dissolving Metal in NH, 

M(s) —NH ^" M'te 

M*+x(NH,) > [M(NH,), ]' Ammioniated cation 

e +y(NH,) > [e(NH,), Г Ammoniated electron 

The blue colour is due to > Ammoniated electron 


The paramagnetic nature is due to — Ammoniated electron 


The conducting nature is due to Е Ammoniated M* + Ammoniated electron 
On standing the colour fades due to formation of amide 


1 
M'tet NH, —> ММН, amide} + 2 H 


2 ig) 
In the absence of impurities like. Fe, Pt, Zn etc, the solutions are stable. 
In concentrated solution, the blue colour changes to bronze colour and diamagnetic due to the formation 
of metal clusters and ammoniated electrons also associate to form electron pairs 

Jet (NH), [е (№Н;), 
Complex Compounds. The alkali metal ions form fewer complex compounds than any other group 
of metal ions. This is due to their large atomic size and weak effective nuclear charge. The complex 
forming ability decreases in the order : 

Li > Na > K > Rb > Cs 

Nature of carbonate and Bicorbonate salts: Except Li CO, other metal carbonates do not 
decompose even at high temperature due to their high ionic character. 
Order of Solubility in water : Li, CO, < Na,CO, < К,СО, < Rb,CO, < Cs,CO, 
Except LiHCO.. all the alkali metal bicorbonate exist. 
NaHCO, exist in polymeric form and KHCO, exist in dimeric form due to the presence of 
intermolecular hydrogen bonding. 
Order of solubility 

NaHCO,< KHCO, < RbHCO, < CsHCO, 
Nature of Nitrate Salt: 


MNO, _5_‚ MNO, + 4O, (Мете M = Na, К, Rb, Cs) 


| 
2LiNO, —2 5 LiO + 2NO, T+ О, T 


(xii) 


(xii 


Nature of sulphate Salts: 


Except Li,SO, other alkali metal sulphate salts do not decompose even at high temperature 


Li.SO, —^—› Lio +50, —Hightemp., oo „о 4 


Order of solubility: 


Li,SO, « Na,SO, « K,SO, « Rb,SO, < Cs,SO, 


Crown Ethers and Cryptands: 


Dibenzo-18-Grown-6 


[Na (Cryptand 222)]* Na 


[Cs (Cryptand - 222)] [(Cyrptand- 


DIAGONAL RELATIONSHIP 


Lithium shows diagonal relationship with magnesium since they have almost the same polarizing power, 


i.e., charge/size ratio, 


Lithium resembles magnesium in the following respects : 


222 


€ k 


jeJ 


Cryptand - 222 


[Contains Na (sodide ion)] 
[electride] 


atomic size of Li (1.34 A) and Mg (1.36 A) are not much different. 
ionic size of Li* (0.60 À) and Mg" (0.65 A) are almost identical. 

polarizing power (i.e., ionic charge to ionic radius ratio) of Li* and Mg" are about the same 
electronegativities of Li (1.00) and Mg (1.20) are not much different 


both Li and Mg and hard metals 


both decompose water only on heating 


both combine with oxygen to form monoxides, 
both LiOH and Mg(OH), are weak bases 


both LiCl and MgCl, are predominantly covalent and hence are soluble in organic solvents, such as 


alcohol and pyridine 


both Li and Mg combine with nitrogen to form their respectively nitrides, Li,N and Mg,N, 


8 
(Xi) carbonates, fluorides, oxalates and phosphates of both Li and Mg are sparingly soluble in H,O 
(xii) the hydroxides and carbonates of both Li 


(хш) both lithium and magnesium nitrates on heating evolve NO, and O, leaving behind their oxides. 


ORES OF ALKALI METALS 


and Mg decompose on heating fonning their respective oxides 


Since alkali metals are highly reactive metals, they do not occur in free state in nature. Sodium and 
potassium are quite abundant in the earth's crust with 7^ and 8" position in the order of 


abundance of elements. 


(А) Ores of Lithium 
(1) Spodumene, LiAISi,O, 


(B) Ores of Sodium 
(i) Common salt or rock salt, NaCl 


(ii) Lepidolite, (Li), AL(SiO,),. (FOH), 


(ii) Chile salt patre, NaNO, 


(iti) Albite (Soda Feldspar), NaAISi O, (iv) Glauber's salt, Na,SO,. 10H,O 


(v) Borax, Na,B,O,. 10H,O 

(C) Ores of Potassium 
(i) Carnallite, KCL MgCl,. 6H,O 
(iii) Sylvine, KCI 


EXTRACTION OF ALKALI METALS 


(ii) Feldspar, KAISi,O, 


(i) Lithium : Extraction of lithium involves two steps 


1. Preparation of LiCl form the ore 
During electrolysis the electrolyte used 


2. Electrolysis of LiCl 
is 55% LiCl and 45% KCI. The electrolyte is maintained in 


molten state by heating to about 723 K. 


(ii) Sodium : 
Down's Process 


In this method, sodium is obtained by 
calcium chloride (60%) in fused state. 


the electrolysis of a mixture of sodium chloride (40%) and 
The function of calcium chloride is to lower the operating 


temperature from 1080 К (m.pt. of NaCl) to about 850 К. 


The following reactions take place: 


At cathode : 
At anode : 


NaCl — Na' + CE (lonization) 
Ма + e — Na 

Cr СІ + е 

CI + СІ СІ, 1 


The sodium metal obtained by this method is about 99% pure. Chlorine is the by — product in 


this process. 


(üi) ^ Potassium : Potassium is obtained by electrolysis of fused potassium hydroxide (KOH) 
KOH — K* + OH 
At cathode : К +e әк 
At anode : 40H- э О, + 2H,O + 4e 
Illustration 
1. Alkali metals readily dissolve in liquid ammonia to give blue coloured solutions. The blue colour is 
believed to be due to 
(А) Ammoniated cations (B)Ammoniated anions 
(C) Ammoniated electrons (D)Ammoniated cations and ammoniated electrons 
Ans. (C) 
Sol. Ammoniated electrons, i.e. 
Na(s) + (x + y) NH, —> Na' (NH), +е (NH,), 
Blue colour 
2. Choose the compound which does not possess a peroxide group 
(A) Na,O, (B) CrO, (C) Fe,O, (D) BaO, 
Ans. (C) 
Sol. Ма,О, is Na* О-О Na'CrO,is 
[| 
Б>) 
BaO, is Ва ( O—O ) while Ре,О, consists of only Ее? and O* ions. Thus, Fe,O, does not contain 
a peroxide [ O—O ] linkage. 
Exercise 
i The addition of Na,CO,, to the aqueous solution of an oxide produces CO,. This reaction indicates that 
(A) Oxide is basic (B) Oxide is amphoteric 
(C) Oxide is that of a metal (D) Oxide is that of a non-metal 
Ans. (D) 
2. Alkali metals when exposed to air tarnish quickly due to the 
(A) Formation of their hydroxides (B) Formation of their carbonates 
(C) Formation of their oxides (D)AII the above 
Ans. (D) 
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COMPOUND OF ALKALI METALS 


SODIUM 


(1) 


(i) 


Sodium Monoxide (Na,O) 

Preparation: It is obtained by burning sodium at 180°C in a limited supply of air or oxygen and 
distilling off the excess of Na in vacuum or by heating Na,O, (sodium peroxide), sodium nitrate 
(NaNO, ) with sodium. 


2Na +10, —9 Na,O 
Na,O, + 2Na —- 2Na,O 
2NaNO, + 10Na ——» 6Na,0 + №, 


Properties: 
It is a white amorphous substance. 


(ii) It reacts with water violently forming NaOH. 
Na,O + H,O ——> 2NaOH 
(ш) ^ On heating above 400°C, it disproportionate to give peroxide and metallic sodium. 
2Na,0 —““> Na,O, +2Na 
(i) — Itreacts with liquid ammonia forming sodamide and NaOH. 
Na,O + NH, ——> NaOH + NaNH, 
(2) Sodium Peroxide (Na,O,) 
Preparation: It is formed by heating the metal in excess of air or oxygen at 300°, which is free 
from moisture and CO.. 
2Na + О, —> Na,O, 
Properties: 
(i) Itis a pale yellow solid, becoming white in air from the formation of film of NaOH and Na,CO,,. 
(ii) In cold water (-0^C) produces H,O, but at room temperature produces O,. In ice-cold mineral acids 


(ш) 


also produces Н,О,. 
Na,O, + 2H,0 — == 2NaOH + H,O, 
2Na,O, + 2H,O_2=C_, 4NaOH +O, 
Na,O, + H,SO,—"“> Na,SO, + HO, 
Itreacts with CO,, giving sodium carbonate and oxygen and hence its use for purifying air in a confined 


space e.g. submarine, ill-ventilated room, 
23а,0, + 2CO, —> 2Na,CO, + О, 


(iv) 


(v) 


Uses: 


(0) 
(1) 
(ш) 


(3) 


(4) 
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It is an oxidising agent and oxidises charcoal, СО, NH,, SO). 
3Na,0, + 2C —> 2Na,CO, + 2Na [deposition of metallic Na] 
‘CO + Na,O, Зав < Na, ,CO, 
SO, + Na, ‚0, — Na,SO, 
2NH, + 3Na,0, —> 6NaOH +N, 
It contains е ion [-0-0-}? 


For preparing H,O,, О, 

Oxygenating the air in submarines 

Oxidising agent in the laboratory. 

Sodium Hydroxide (Caustic Soda), NaOH 

Preparation: Sodium hydroxide is commonly called caustic soda therefore used for air purify and 
it is prepared by electrolytic process. There are two electrolytic methods commonly used for preparing 
sodium hydroxide. 

(a) Castner Kellner cell: 


NaCl(aq) —> Na' + Cl 
At cathode (mercury) : 2Na* +2e ——>2Na 
Na + Hg ——» NaHg (sodium amalgam) 


At anode (graphite): 2С ——> Cl, + 2e 


Sodium amalgam is removed from the cell. It is then decomposed in a separate cell by water giving 
NaOH, hydrogen and mercury. Mercury is recirculated to the cell. 


(b) Nelson cell (or Diaphragm cell) 

NaCl (aq) —— Na’ + СІ 

H,O —*H' * OH 
At cathode (perforated steel): 2H' + 2e. —— Н, 
At anode (carbon rod) : 2C] —— СІ, «2e 


Note: This cell is used for the industrial production of CL. As well as this cell can be used for 
production of Na,CO,, for which CO, is mixed with steam. 


Properties: 
NaOH is stable towards heat but is reduced to metal when heated with carbon 
2NaOH + 2C —— 2Na +2CO + H, 


Sodium Carbonate (Na,CO,) : It exists in various forms, namely anhydrous sodium carbonate 
Na,CO, (soda-ash); monohydrate, Na,CO,.H,O (crystal carbonate); heptahydrate, Na.CO,. 7H,O 
and decahydrate, Na,CO,. 10H,O (washing soda). It occurs in the form of reh and sajji matti in 
О.Р. and Bihar. 
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(i) 


(ш) 


(ii) 


(iv) 


(v) 


(5) 


Manufacture: (Solvay or ammonia soda process). In this process, brine (NaCI), ammonia and 
carbon dioxide are the raw materials. The chemical reactions involved are as below. 


NH, +CO, + Н,О —— NH,HCO, 
NH,HCO, + NaCl —“S> NaHCO, 4 + NH,CI 


Sod. Bicarbonate 


2NaHCO, — "5 Na,CO,+H,0+ CO, 


Sod, bscarbonate (used agam ) 


2NH,CI + Ca(OH), —— CaCl, + 2Н,О + 2NH, 


Amm. ют — Siiked lime (used again) 

Note: Solvay process can not be used for the production of K,CO,, since KHCO, has much 
greater solubility than NaHCO,. So, KHCO, cannot be precipitated. 
Properties: 
Sodium carbonate crystallizes from water as decahydrate. It is a white solid which efflorescence on 
exposure to dry air forming the monohydrate. 

Na,CO,.10H,O —®—› Na,CO,.H,O +9H,O 
On heating, the monohydrate changes to anhydrous salt (m.p. 853°C) which does not decompose 
on further heating even to redness. 
It is soluble in water with considerable evolution of heat. The resulting solution is alkaline due to 
hydrolysis. 

Na,CO, +2H,O —» H,CO, + 2NaOH 


Sod. carbonate (weak acid) E Strorgralkali) 
It is readily decomposed by acids with the evolution of CO, gas. 
It reacts with metal salts to form insoluble normal or basic carbonate. 


CaCl, +Na,CO, —— CaCO, 4 + 2NaCl 
2МРСІ, + 2Na,CO, + H,O —> MgCO,. Mg(OH), + + 4NaCI + CO, 

Carbonates of metals like Al, Fe, Sn, etc. When formed are immediately hydrolysed to hydroxides. 
Fe,(SO,), +3Na,CO, —> Fe,(CO,), —“*-» 2Fe(OH), + ЗСО, 


When CO, gas is passed through aqueous solution of sodium carbonate, sodium bicarbonate is 
formed. 


Sod. bicarbonate 
Sodium Sulphate (Na,SO,. 10 H,O) (Glauber's salt) 
Preparation - By heating a mixture of common salt & conc. H,SO, (Le blanc process ) 
2NaCl + H,SO, ——> Na,SO, + 21 ICIT 
Properties 
Physical properties : 
(1) Crystalline solid, which is soluble in water. 
(ii) Crystaillizes as decahydrate & on heating becomes anhydrous. 


(6) 
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Chemical Properties 
With acids Na,SO,(aq.) + H.SO,—> 2NaHSO, 


conc. sodium bisulphate 


With insoluble salt solution 


Pb (NO,), (aq.) + Na,SO, (aq.) —> 2NaNO, + PbSO, 4 
white ppt 

Sodium Chloride (NaCI 
Preparation: 
It is also called common salt occurs abundantly in nature as rock salt or halite. The most abundant 
source is sea-water where sodium chloride occurs to the extent of 2.6 ~ 2.9 percent. The sea 
water is exposed to the sun and air in large shallow pits. The gradual evaporation of water lead to 
the crystallization of the salt. The purification is done by dissolving the salt in minimum volume of 
water and filtering, if necessary, to remove insoluble impurities. The solution is then saturated with a 
current of dry hydrogen chloride whereby crystals of pure sodium chloride separate out. 
Properties: 
(i) NaCl is a colourless crystalline salt, almost insoluble in alcohol and highly soluble in water. 
(ii) It gives rise to НСІ when heated with conc. H,SO, and Cl,, with MnO, plus H,SO,. 

NaCl + H,SO, —> NaHSO, + HCIT 

NaHSO, + NaCl —9 Na,SO, + HCIT 

2NaCl + MnO, + 2H,SO, —2» MnSO, + Na,SO,+ 29,0 + CI, 7 


Illustration 


Sol. 


Give reason for decreasing order of conductivity of following 

Су > Rb’ > K* > Na’ > Li’ 
Ions are hydrated in solution. Since Li is very small it is heavily hydrated. This make the radius of 
the hydrated ions large and hence it moves only slowly (although Li* is very small) and the radius of 
hydrated Cs* ion is smaller than the radius of hydrated Li*. 


(7) 


Sodium Thiosulfate (Na,S,0,)5H,O 
Sodium thiosulfate is a salt of an unstable acid Н,5,0, (thiosulphuric acid) 
Preparation 
(1) sodium sulfite and flowers of S 
Na,SO,+S — > Ка,5,О, 
soluble insoluble 
(ii) Spring’s Reaction 
Na,S + І, + Na,SO, —— М№а,5,0, + 2Nal 
(iii) sodium carbonate solution with SO, 
Na,S + Na,CO, + SO, —9 Na,S,O, + со, 
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(iv) sulfur and caustic soda 
45 + 6NaOH —4., Na,S,O, + 2Na,S + 3H,O 
with excess pentasulfide forms 
NaS + 4S — Nas, 
Chemical Properties 
(i) Heating effect - Na, SO; 5H,O __ ?'*€ , Ма,5,0, + 5H,O 
4Na,S,0, —£7€ , 3NaSO, + Na,S, 
(ii) Acidification - liberates SO, and S ppt. 
Na,S,O, + dil. 2НС1 —— 2NaCl + SO, + $ + H,O 
Na,S.O, + dil. Н,50, —— Na,SO, + SO, + St + H,O 
(ш) Reduction - М№а,5,0, + Cl, + HO —> Na,SO,+ 2HCI + S 
chlorine 
water 
2Na,S,O, + 2FeCl, —— Na [Fe(S,O,),] + 3NaCl 
+ (Purple) 
FeCl, (green) 
(w) Oxidation - (oxidises by I, quantitatively) 
23а,5,0, + I, —э 2Nal + Na,S,O, 
sodium 
tetrathionate 
(у) AgNO, action- 2AgNO, + Na,S,O, —> Ag.S.O, + 2NaNO, 
Ag,S,O, + Н.О —> AgS + H,SO, 
Thus white ppt. of silver thiosulfate changes as 
White —— yellow ——» brown ——» black 
(vi) Silver halide action 
AgBr + 2Na,S,O, ——  Na,[Ag(S,0,),] + NaBr 
sodium argento 
thiosulfate(colourless) 
this property is used in photography fixing. 
(vii) Action on CuSO, 
CuSO, + Na,S,0, ——› CuS,O, + Na,SO, 
cupric 
thiosulfate 
CuS,0, + Na S.O, —— Си,5,0, + Na,S,O, 
cuprous sodium tetra 
thiosulfate — thionate 
Си,5,0, + Na,S,0, — 2  Na[Cu($,0.] 
sodium cupro thiosulfate(sol) 


(8) Sodium Bicarbonate (NaHCO,) 


Preparation : Sodium bicarbonate is prepared by the Solvay Process. It is infact formed in 
between the manufacture of washing soda. 
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= Aqueous solution gives no colour with phenolphthalein but yellow colour with 
Methyl orange and hence is weakly basic. 


ы 2NaHCO, +, Na,CO, + CO, + H,O 
^ Salts which give basic carbonates with washing soda give normal salts with the bicarbonate. 
ZnSO, + 2NaHCO, —— ZnCO, + Na,SO, + H,O + 2CO, 


* It is used as “SODA BICARB” to neutralise stomach acidity. 
» Sodium/Potassium salt of tartaric acid and NaHCO, mixture is used as Baking Soda. 
Illustration 
1. Based on lattice energy and other considerations which one of the following alkali metal chlorides is 
expected to have the highest melting point 
(A) LiCl (B) NaCl (C) KCl (D) RbCI 
Ans. (B) 


Sol X Although lattice energy of LiCl higher than NaC] but LiCl is covalent in nature and NaCl ionic there, 
after, the melting point decreases as we move NaC] because the lattice energy decreases as a size of 
alkali metal atom increases (lattice energy « melting point of alkali metal halide) 


2. NaOH is prepared by the method 
(A) Down's cell (B) Castner cell (C)Solvay process — (D)Castner Kellner cell 
Ans. (D) 
Sol The cell involves the following reaction, 
NaCl ==> Na' + СГ 


Atanode: 2C[ ———> 2CI + 2e ——— СІ, 
At cathode : Nat + e———> Na 
Na + Hg—— —— amalgam 
Atanode: Na — amalgam ———> Na+ + Hg +e 
Atcathode : 2H,0 + 2e ——À H,T *20H 
Exercise 


1. Sodium thiosulphate (Na,S,O,.5H,O) is used in photography to 
(A) Reduce silver bromide to metallic silver 
(B) Convert metallic silver to silver salt 
(C) Remove undecomposed AgBras a soluble silver thiosulphate complex 


(D) Remove unreduced silver 

Ans. (C) 

2. Which of the following pair can’t exist in solution 
(A) NaHCO,and NaOH (B) Na,CO, and NaOH 
(C) Na,CO, and NaCI (D) NaHCO, and NaCl 
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POTASSIUM 


POTASSIUM AND ITS COMPOUNDS 


Atomic Number: 19 
Electronic Configuration : 2, 8, 8, 1 
Valency and Oxidation state : + 1 


Occurrence : Potassium is highly reactive metal. It does not occur in nature in free form. It important 
minerals are : 


(a) Pearl ash, K,CO, (b) Sylvine, KCI. (c) Indian Salt petre, KNO, (d) Camallite, KCI MgCl,.6H,O 
5. Extraction : It may be prepared by any of the following methods : 

(a) By electrolysis of fused potassium cyanide. 

(b) By heating potassium fluoride with calcium. 

(c) By heating potassium carbonate with carbon (coke). 

(d) By electrolysis of molten KCI containing a little KF. 


alt TO котен 


6. Properties : 
(a) Potassium is a silvery white metal (M.P. 65°). 
(b) It is lighter and softer than sodium. It resembles sodium in its chemical properties, but is more 
reactive than it. 


(c) Potassium decomposes cold water more vigorously than sodium. The heat of reaction is so high that 
the hydrogen gas evolved catches fire. When excess of metal is burnt in air or oxygen under reduced 
pressure, K,O is formed. When heated in excess of air, potassium forms superoxide (KO, ). 


(d) Potassium (40) is feebly radioactive. It is a B-emitter. It has 3 isotopes of mass 39, 40 and 41 of 
which the first one is present in larger proportions. The radioactivity is due to the presence of isotope 
of mass number 40 which makes up about 0.012% of the metal. 


de Uses : 
(a) Potassium is used in photoelectric cells. 
(b _ Analloy of sodium and potassium which is liquid is used in high temperature thermometers. 


(i) Oxides of Potassium: 


K,O, K,0,, K,O,, KO, and KO, 
Colours: White White Red Bright Yellow Orange Solid 
Preparation: 


() 2КМО, + 10K —*9" , 6K,0+N, 
э” ско ми, ко 
(White) (Yellow) 
** K,0+H,O—> 2KOH 
@) 2K+0, — 9. ,K o, [Props: Similar with Na,O,] 
= ага 300°С T. EX me 
(ш) ^ PassageofO, through a blue solution of K in liquid NH, yields oxides K,O, (white), K,O, (red) and 
KO, (deep yellow) i.e 


жж 


(ii) 


(iii) 


(iv) 
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K in lig. NH, — 5 K,0, —> K,0,—» КО, 
white red yellow 
KO, reacts with H,O and produces H,O, and О, both 
2KO, + 2H,0 — "5 2KOH + H,O, + O, 
KOH + O, (ozonised oxygen) 19 1e-1*C , KO, 
(Dry powdered) (orange solid) 


Potassium hydroxide (Caustic Potash), KOH 


Preparation: lt may be prepared like that of NaOH, i.e., by the electrolysis of KCI solution and 
by the action of lime on potassium carbonate. It may also be obtained by the action of baryta, 
Ba(OH), on potassium sulphate. 


K.SO, + Ba(OH), ——> BaSO, + + 2KOH 


Properties: Its properties are similar to those of sodium hydroxide. However, it is a stronger alkali 
and more soluble in alcohol and is therefore, used in organic reactions instead of caustic soda. 
Moreover, it is a better absorber of CO, than NaOH because potassium carbonate is more soluble 
and does not separate out. Its aqueous solution is known as potash lye. 


Potassium carbonate (K,CO,): It is also known as pearl ash. 


Preparation: 1‹ is made by passing CO, into a conc. solution of the chloride, containing hydrated 
magnesium carbonate in suspension at 20°C when an insoluble potassium hydrogen magnesium 
carbonate is precipitated. 


2КСІ + 3(MgCO,.3H,O) + CO, —— 2(MgCO,.KHCO,4H,O) + MgCl, 
The precipitate is separated by filtration, and then decomposed either by heating with water under 
pressure at 140°C or by the action of magnesium oxide below 20°C. 
2(MgCO, ‘KHCO,- 4H,O) —э 2MgCO, + K,CO, + 9H,O + CO, 
2(MgCO,-KHCO,-4H,O) + MgO —> 3(MgCO,.3H,O) + K.CO, 
Properties: 
(i) It is white, deliquescent solid 
(ii) КСО, resembles Na,CO, in properties, but is more alkaline and more soluble than Na,CO,. 


Potassium Bicarbonate (KHCO,) 


Preparation: It is prepared by passing CO, through a cold saturated solution of potassium 
carbonate. 


K,CO, +H,0 + CO, ——> 2КНСО, 
Properties: It resembles sodium bicarbonate in all respects except that it is more soluble in 
water. It is used in medicine and in baking powders. 


Potassium Sulphate (K,SO,) 

Preparation: 

(i) By treating KCI or KOH with H,SO, 
2KCI + H,SO, —— K,SO, + 2НСІ 
2KOH + H,SO, —— K,SO, + 2H,O 
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(ii) By treating naturally occurring mineral, schonite (K,SO,. MgSO,. 6H,O) with sylvine (KCI). 
K,SO,.MgSO,.6H,O + 2КСІ ——> 2K,SO, + MgCl, +6H,O 


Properties: 

(i) It is a white crystalline (m.p. 1050°C) solid, not very soluble in water. 

(ii) Unlike sodium sulphate, its crystals do not contain water of crystallisation. 

(ш) ^ When heated with carbon, it is reduced to potassium sulphide. 

(iv) It forms a series of double salts with the sulphates of trivalent metals, e.g. potash alum, 
K,SO,. Al, (SO,),. 24H,0, 


(vi) Potassium Chloride (KCI) 
Preparation: KCl is prepared from fused carnallite. Nearly pure KCl separates from the melt, 
leaving fused MgCl, behind. 
KCI. MgCl, .6H,O —> KCI + MgCl, .6H,O 
Properties: It is a colourless cubic crystal soluble in water. Its solubility increases almost linearly 
with temperature. 
illustration 
1. Which is ап ore of potassium 
(A) Camallite (B) Cryolite (C) Bauxite (D) Dolomite 
Ans. (A) 
Sol Carnallite - KCl, MgCl,, 6H,O Cryolite - Na, AIF, 
Bauxite - (ALO,.2H,O) Dolomite - MgCO,.CaCO, 
г KF combination with HF to form KHF,. The compound contains the species 
(A) K*, F апан: (B)K',F andHF (С) Капа [НЕ] ^ (D)[KHF] andF - 
Ans. (C) 
KF + HF ——> КНЕ, «=> K' + HF; 
Exercise 
L When potassium dichromate crystal are heated with conc. HCl 
(A) O, is evolved (B) Chromyl chloride vapours are evolved 
(C) Cl, is evolved (D) No reaction takes place 
Ans. (C) 
2. When potassium ferrocyanide crystals are heated with concentrated sulphuric acid, the gas evolved is 
(A) Ammonia (B)Sulphurdioxide — (C)Carbondioxide — (D) Carbon monoxide 
Ans. (D) 
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ALKALINE EARTH METALS 


ALKALI EARTH METAL & THEIR COMPOUNDS 


(а) 


(b) 
(c) 


The group ITA consists of six elements - Be, Mg, Ca, Sr, Ba, Ra. 

Collectively called alkali carth metals. 

Ra was discovered in the ore pitch blende by madam curie, it is radioactive in nature. 

The first member Beryllium is less active than other members and shows abnormal properties like lithium 
in LA group. 


PHYSICAL PROPERTIES 


(i) 


(ii) 


(iii) 


(vi) 


(vii) 
(viii) 


(ix) 


Electronic configuration : The Elements are Be, Mg, Ca, Sr, Ba Ra, 
Outermost Electronic configuration : - ns? 
Atomic Radii. The atomic radii of alkaline earth metals are quite larger but are smaller than those 
of alkali metals. 

Be < Mg < Са < Sr < Ва < Ra 
Density. The densities of alkaline earth metals are larger than those of alkali metals. This is due to 
stronger metallic bond. Density of alkaline earth metals first decreases from Be to Ca and then 
increases from Ca to Ra. 

Be > Mg > Ca < Sr < Ba 

Cohesive Forces. Cohesive forces in alkaline earth metals are stronger than alkali metals due to 
smaller atomic radii and greater nuclear charge. Alkaline earth metals are harder than alkali metals 
due to stronger metallic bond. 
Melting and Boiling points 
The have low m.p. and b.p. but are higher than corresponding value of group I. 


Reason : They have two valency electrons which may participate in metallic bonding compared with 
only one electron in AM. Consequently group II elements are harder and have higher cohesive energy 
and .'. have much higher m p./ b.p. than A.M. 


M.P. Be» Ca» Ѕг>Ва > Mg 
B.P. Be > Mg» Ca» Ba» Sr 


Ionization energy. The alkaline earth metals owing to their large size of atoms have fairly low 
values of ionization energies as compared to the p block elements. However, within the group, 
the ionization energy. decreases as the atomic number increases. 


Electropositive character. These are less electropositive than alkali metals. 


Oxidation Number : The tendency of these metals to exist as divalent cation as IE, is much lower than 
IE, so they should be form univalent in rather than divalent ion but actually these give bivalent ions. 


This is due the fact that М2” ion possesses a higher degree of hydration or M** ions are extensively 
hydrated form [M(H.O) }* a hydrated ion. 

м —э м”; АН = IE, +1Е, 

M*'+xH,O———> [M(H,O)]'; АН =-—hydratation energy 


(x) Reducing properties. The members of this group are weaker reducing agents than the alkali metals. 
Be < Mg < Са < Sr < Ba 

(хі) Нате colouration. Among the members of this group except Ве and Mg all other members give 
characteristic colouration to the flame. Beryllium and magnesium do not impart any colour to the 
flame because of their small size and higher ionization energies. Due to this, the energy of flame is 
insufficient to cause the excitation of their valence electrons to higher shells. 
Ca — Brick Red, Sr — Crimson Red, Ba — Apple green 

(xii) Solubility of Liquid Ammonia. All these metals dissolve in liquid NH,. 

Illustration 

1. In alkaline earth metals, the electrons аге more firmly held to the nucleus and hence 
(A) Ionization energy of alkaline earth metals is greater than that of alkali metals 
(B) Alkaline earths are less abundant in nature 
(C) Reactivity of alkaline earth metals is greater than that of alkali metals 
(D) Atoms of alkaline earth metals are bigger in size than alkali metals. 

Ans. (A) 

Sol  lonization energies of alkaline earth metals are greater than those of alkali metals due to increased 
nuclear charge. 

2. The ion having highest mobility in aqueous solution is 
(А) Be" (В) Мр (C) Са” (D) Ba” 

Апѕ. (р) 

Sol Though Ва? is the heaviest ion but it is least hydrated. As a result, its size becomes lesser than any other 
hydrated alkaline earth metal cation and hence has the highest ionic mobility. 

Exercise 

1. Alkaline earth metal show typical characterics of 
(A) Inner transition elements (B) Noble gases 
(C) Representative elements (D) Transition elements 

Ans. (C) 

2. Which of the following is true for magnesium ? 
(A) It is more electropositive than sodium 
(B) Itis manufactured by electrolysis of aqueous magnesium chloride 
(C) It is a strong reducing agent 
(D) It resembles, in chemical properties, with its diagonally placed element Boron in 13 group ofthe 
Periodic Table. 

Ans. (C) 
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CHEMICAL PROPERTIES 


(iii) 


(iv) 


Alkaline earth metals are quite reactive elements due to their low ionization energies and high 
electropositive character. The reactivity of these elements increases with increase in atomic number. 


Alkaline earth metals are less reactive than alkali metals. 
Hydrides : 
Except be, all alkaline earth metals from hydrides (MH. ) on heating directly with H... 
M + H, ——3 MH, 
Вен, is prepared by the action of LiAIH, on BeCl, 
2BeCl, + LiAlH, ———» 2BeH, + LiCl + AICI, 
BeH, and MgH, are covalent while other hydrides are ionic. 
The ionic hydrides of Ca, Sr, Ba liberated H, at anode and metal t cathode, 
CaH, Fusion. Ca**+2H™ 
The stability of hydrides decreases from Be to Ba. 
The hydrides having higher reactivity for water, dissolves readily and produce hydrogen gas. 
The hydrides having higher reactivity for water, dissolves readily and produce hydrogen gas. 
CaH,(s) + 2H,O ——> Va(OH), + 2H,T 
Reaction with water. Ca, Sr and Ba react with cold water, liberating hydrogen gas 
Са + 2H,O > Ca(OH), + Н, 
Sr + 2H,O 5 Sr (OH), + Н, 
Magnesium decomposes hot water 
Mg + H,O ^ MgO + Н, 


Or Mg + 2H,O — Mg(OH), + Н, 
Beryllium does not react with water. 
Ordinary of Reactivity : Ва > Sr > Ca > Mg 


Reaction with Oxygen. All the alkaline earth meals bum in oxygen to form oxides Be, Mg and 
Ca form oxides whereas Ba and Sr form peroxides. 
2Mg + О, > 2MgO 

Ва + О, — BaO, 
Hydroxides. The hydroxides of these elements can be formed either by dissolving metal oxides in 
water or by reaction of these elements with water. 
Be(OH), is amphoteric. The hydroxides of magnesium, calcium, strontium and barium are bases 
and their strength increases from magnesium to barium. 
These hydroxides are less soluble in water as compared to the alkali metal hydroxides. 
The solubility of the hydroxides in water increases with the increase in atomic number. Be(OH), 
and Mg(OH), are almost insoluble, Ca(OI D. is sparingly soluble while Sr(OI D, and Ba(OI n, are 
increasingly more soluble. 
Halides. Alkaline earth metals react with halogens directly to form halides having general formula, 
MX.. 

M + X, > MX, 
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(vii) 


(viii) 


(ix) 


(х) 


(xi) 


These halides can also be obtained by the action of halogen acids on metals, their oxides, 
carbonates and hydroxides. 


M(OH), + 2HX + MX, + 2H.0 
Beryllium chloride is prepared indirectly, from its oxide as follows: 
BeO + С + СІ, __870-1070K_, BeCL + CO 
Beryllium chloride exists as monomer or dimer in vapour state but exists as polymer in solid state. 
Carbonates. Carbonates of alkaline earth metals are insoluble in water. These can be precipitated 


by addition of sodium or ammonium carbonate solution to the solution of salts of these metals. For 
example, 


CaCl, + NaCO, > Caco, +2NaCl 
pot 


All the carbonates decompose on heating to give carbon dioxide and meals oxide. 
MCO, —^—› МО + CO, 
However, as the atomic number increases, the stability of the carbonates towards heat increases. 
Beryllium carbonate is unstable and can be kept only in an atmosphere of СО,. 
Sulphates. Sulphates of alkaline earth metals can be prepared by the reaction of H,SO, with the 
metals, their oxides, hydroxides or carbonates. 
Ca + H,SO, > CaSO, + H, 
CaCO, + H,SO, -» CaSO, + CO, + H,O 


The sulphates of alkaline earth metals are less soluble than the corresponding salts of alkali metals. 
Their solubilities decrease on going down the group. 


All these sulphates decompose on heating 
MgSO, . ^ , MgO + SO, 
The thermal stability of sulphates increases on moving down the group from top to bottom. 
Lithopone: Mixture of BaSO, and ZnS is known as lithopone. 
Nitrides, Alkaline earth meals burn in nitrogen to form nitrides, M,N, which are ionic in nature. 
3M + №, > MN, 
Nitrides on reactions with eater are hydrolyzed and ammonia is released. 

M,N, + 6H,O — 3M(OH), + 2NH, 

Carbides. BeO when heated with C at about 2000°C, Be,C is formed. The metals Mg. Ca, Sr 


and Ba form carbides of the formula MC., These carbides are formed when the metal or the metal 
oxide is heated with carbon in an electric fumace. 


These carbides are ionic in nature. 
Be,C yields methane on hydrolysis whereas carbides of other metals yield acetylene 

Be,C + 4H,O -› 2Be(OH), + CH, 

Сас, + 2H,O — Ca(OH), + C,H, 
Complex Compounds. Alkaline earth metals have a tendency to form state complexes. Their ability 
to form complexes is more as compared to alkali meals. This is because of the smaller size and 
higher charge of the alkaline earth metal ions as compared to alkali metal ions. Among the elements 
of group-2, beryllium and magnesium, have greater tendency of complexation. 
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EXTRACTION OF ALKALINE METALS 


(1) 


Uses : 


(2) 


(3) 


Beryllium 
Occurrence : (1) Beryl-3BeO, ALO,, 6 SiO, (2) Chrysoberyl — ВеО, ALO.. 
Extraction : 


The powered beryl is treated with sulphuric acid when sulphates of beryllium and aluminium are 
formed from which aluminium sulphate is removed double sulphate by the addition of (NH,),SO,. 
Beryllium sulphate remaining solution is separated and calcined at high temperature to give BeO. 
The oxide is finally reduced to the metal y heating with carbon. 


(1) In making alloys — a very small quantity of Be added to Mg increases casting power. 
(2) Itis highly permeable to X-rays and hence used for windows of X-ray tubes. 
(3) In nuclear reactions as a source of neutrons, Bombarded with a-particles, Beryllium gives 


neutrons. 
Ве" + Не —> ‚С? + n! 
Magnesium 
Importance ores of magnesium are 
(i) Magnesite, MgCO, (ii) Dolomite, MaCO,. CaCO, 
(ш) Carnallite, KCL. MgCL 6H,O (iv) Kieserite, MgSO,. H,O 


Sea water also contains magnesium salts. Magnesium content in sea — water is about 0.13%. 
Magnesium is extracted by electrolysis of a molten mixture of anhydrous MgCl,, NaCl and CaCl.. 
Anhydrous MgCl, may be obtained from sea water or from carnallite. 
Anhydrous MgCl, is prepared from hydrated MgCl, (MgCl. 6H,O) by passing a current of dry 
HCI gas over it. Anhydrous MgCl, cannot be prepared by direct heating because it results in 
formation of MgO which is refractory 

MgCl,.6H,O .. ^ , MgO + 2HCI + 5Н,О 


During electrolysis, the following reactions take place. 
MgCl, ? Mg" + 2CI 


At cathode : Mg“ + 2e — Mg 
At anode : 2CT + Cl, + 2e 
Calcium 


Ores of Calcium 

(i) Gypsum, CaSO, . 2H,O (ii) Lime stone, CaCO, (ш) Marble, CaCO, 

(iv) Fluorspar, CaF, (у) Anhydrite, CaSO, (vi) Dolomite, CaCO,, MgCO, 
Calcium is prepared by the electrolysis of a fused mixture of anhydrous calcium chloride and calcium 
fluoride On passing electric current, calcium is liberated at the cathode. 


Cal => Ca BOF ише: (lonization) 
At cathode : Ca** + 2e > Ca 
At anode : Cl > Cl+e 


2Cl 2 CL 


24 


Anomalous behaviour of Be and its diagonal relationship with Al 


Anamalous behaviour of Be and its diagonal relationship with Al is illustrated by the following points: 
Unlike group —2 elements but like aluminium, beryllium forms covalent compounds. 

The hydroxides of beryllium, [Be(OH),] and aluminium, [Al(OH),] are amphoteric in nature, whereas 
those of other elements of group —2 are basic in nature. 

Beryllium and aluminium forms fluoro complexes in solution. 

The oxides of both Be and Al, i.e., ВеО and ALO, are high melting insoluble solids. 

BeCl, like ALCI, has a bridged polymeric structure. 

The salts of beryllium as well as aluminium are extensively hydrolyzed. 

Be, like Al, is rendered passive by concentrated HNO,. 

Be forms many complex like Al 

Be and Al react with NaOH solution liberating H.. 

Be,C and ALC, react with water to give methane. 

Halides of the two elements have similar solubilities. 

The two metals do not impart colour to the Bunsen flame. 


Illustration 


Which of the following elements will form a compound with oxygen in which one atom of the element 
is combined with one atom of oxygen to form an oxide of formula MO ? 


(A) Be (B)Ne (C)Al (D) Cl 
Ans. (A) 
Sol Ве forms ВеО, Al forms ALO,, СІ forms СІ,О,, Cl,O, CIO, etc. while Ne does not react. 
2. The cation which gives a yellow precipitate with potassium chromate is 
(A) SrCO, (B) BaCO, (C) CaCO, (D) MgCO, 
Ans. (B) 
Sol. Barium givesa yellow ppt. of barium chromate with pot. chromate. 
K,CrO, + Ва?” —> BaCrO, + 2K" 
Exercise 
L The atom with atomic number 12 will most likely combine chemically with the atom whose atomic 
number is 
(A)3 (B) 10 (OH (D) 16 
Ans. (D) 
2. A piece of magnesium ribbon was heated to redness in an atmosphere of nitrogen and then cooled with 


water. The gas evolved is 
(A)Ammonia (B) Hydrogen (C) Nitrogen (D)Oxygen 
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COMPOUND OF ALKALINE EARTH METALS 


(1) 


(ii) 


(iii) 


(iv) 


Berylium 

Oxides and hydroxides : Be forms only the monoxides: all others form monoxide and peroxide 
(ер.ВаО, BaO,). The basic nature of the oxides and hydroxides of the metals increases down the 
group. BeO is amphoteric, CaO, SrO and BaO are basic. All these oxides dissolve in H,O giving 
the hydroxide (BeO is nearly insoluble). BeO dissolves in acids and alkalies to give salts. 

(ВеО) + 2НСІ —— BeCl, + H,O: ВеО + 2NaOH —— Na,BeO, + H,O.) The solubility of the 
hydroxides increase from Be to Ba. Ba(OH), (Baryta) is moderately soluble in water. 


Hydrides : BeH, is covalent. MgH, is partially covalent and the remaining hydrides are largely 
ionic. BeH, is a polymeric solid, involving hydrogen bridging. 


(3 centre-2e" Bond) 


Dimer form of BeH, in vapour phase 
-H „И, „Н „И, 


2% ~ 

No “М g uo UN. T УУМ N, 
hE M SPA M SP „7 ; 5р? Pd з sp 

Be * Bé : Bé "Be: "Be 

E" A ^. ^U ^ ^ ы ^^ 
LON ^ v a N E AN 
A vf NEED i М ^ 
H H H 


(3 centre-2e° Bond) 
Polymeric Form of BeH., in solid state 


Halides : II group metals when heated with halogens, give the halides. Beryllium halides (eg. BeF, 
and BeCL) are covalent due to the small size of Be™ (see Fajan's rules) and hence have comparatively 
low melting points and boiling points. The chlorides and fluorides of the other metals of the group 
are ionic solids. BeCl, in the solid state is polymeric containing chains of the form. 


ei к" 
T d E he, 


In the vapour state at high temperature BeCl, is a monomer. 
The halides are deliquescent and they form hydrated salts. The solubility of halides in water decrease 
down the group from Ca to Ba. 


Sulphates : BeSO, is slightly soluble in water. The solubility of the sulphates of the metals decreases 
down the group. BaSO, and RaSO, are practically insoluble. 
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(v) 


(vi) 


(vii) 


[Note : The solubility of an ionic solid in water depends on the lattice energy of the solid and the 
hydration energy for the ions of the solid. A large value of the former would lower the solubility, 
while a large value of the latter would increase the solubility. In the case of II group sulphates, the 
hydration energy factor has a dominant role. Since the hydration of ion decreases from, Ве", to 
Ва?", the solubility of the II group sulphates decreases down the group. For the fluorides and 
hydroxides of this group, the lattice energy has a dominant role and hence the solubility of these 
salts increases down the group.] 


Carbonates and bicarbonates : The carbonates of alkaline earth metals are insoluble in water: the 
bicarbonates are soluble. The carbonates and bicarbonates decompose on heating to give CO, gas. 


Carbides of II group metal are ionic carbides, which may be in a methanide or acetylide or allylide. 
Beryllium Carbide : 

Be,C (methanide) reacts with water to give methane. 

Be,C + 2H,O —9 2 BeO + CH, 

Calcium Carbide : 

CaC, (acetylide) is decomposed by H.O to give acetylene. 

CaC, + 2H,O —> Ca(OH), + C,H, 

Magnesium Carbide : 

МРС, (allylide) reacts with water to give allylene (methyl acetylene). 

Mg,C, + 4H,0 —> 2Mg(OH), + CH,C = CH 


Nitrides : 

Example : Mg,N, — decomposed by Н,О, liberating NH,. 

[Mg,N, + 6H,0 —> 3Mg(OH), *2NH,] Similarly Ca,N,. 

Complexes : Be is the best complexing agent in this group. The complexing tendency decrease 
down the group. Mg (Oxine), is the complex formed by Mg" with 8 hydroxy quinoline(Oxine) and 
this forms the basis of quantitative estimation of Mg. 


Illustration 


Ans. 


A metal M readily forms water soluble sulphate MSO,, water insoluble hydroxide M (OH), and oxide 
MO which becomes inert on heating. The hydroxide is soluble in NaOH. The M is 

(A) Be (B)Mg (C) Ca (D)Sr 

(A) 

Be(OH), is amphoteric in nature so it is soluble in NaOH. 


Exercise 


1. 


Ans. 


Amongst the following hydroxides, the one which has the lowest value of Ksp at ordinary temperature is: 
(A) Mg(OH), (B) Ca(OH), (C) Ba(OH), (D*) Be(OH), 
(D) 
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Magnesium 

Magnesium Sulphate (MgSO,. 7H,O) epsum salt 

Preparation: 

From magnesite or dolomite (Epsom salt) 

MgCO, + H,SO,———> MgSO, + H,O + co,T 

MgCO,.CaCO, + 2H,SO, ——> MgSO, + CaSO A + 2H,O + 2CO, 


Physical properties : 
Colourless , efflorescent crystalline substance which forms a number of hydrate 


Chemical properties : 


пае 
Meso, mO —160С, mgso, н.о 227°; meso, + но 


(-6H.0) 
It is reduced bv lamp black 
300°C 
2MgSO, +С ———> 2 MgO + 250, +CO,T 


MgSO, is manufactured by dissolving keiserite (MgSO, . H,O) in boiling water & then crystallising the 
solution. 

MgSO, .7H,0 is called as Eposm salt & shows deliquesecence efflorescence & has purgative action. 
Platinized MgSO, is used as catalyst in Grillo’s process for manufacture of H,SO.,. 


Magnesium Chloride MgCl,. 6H,O 


Magnesium chloride can be prepared by fractional crystallization of camallite, KCl. MgCl,. 6H,O. 
It can also be obtained from sea water. Magnesium salts present in sea-water are precipitated as 
Mg(OH), by adding lime. The precipitate is filtered and dissolved in НСІ solution. The solution on 
crystallization yields crystals of MgCl,. 6H,O. 


Mg?* + Ca(OH), ——»Mg(OH), 4 +Ca?* 
Mg(OH); + 2HCI——»MgCl, +2H,0 


A mixture of magnesium chloride and magnesium oxide is known as Sorel cement or magnesium 
cement. This mixture reacts with water and sets into a solid mass having composition 
MgCl,.5MgO.xH,O 


Magnesium Oxide (MgO) 
Preparation: It is prepared by burning Mg in air, by heating hydroxide, nitrate, sulphate or 
carbonate. Oxide prepared by heating magnesite (MgCO,) is called calcined magnesia. 


2Mg(NO,), —— 2MgO + 4NO, +0, 


2MgSO, ——2MgO + 250, +0, 
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(iv) 


(v) 


Properties: 

(i) Magnesium oxide is a light white powder, which is highly infusible (m.p. 2800°C), and only 
slightly soluble in water. 

(ii) It is a basic oxide and hence reacts with acids to form salts. 


MgO + 2HCI —— MgCl, + H,O 
(ш) Itis reduced by carbon at very high temperature to form magnesium carbide. 


MgO + 3C —— MgC, + СО 
(iv) И dissolves in aqueous solution of magnesium chloride or bromide forming basic salts such 
as MgCl,. 9Mg(OH), . 5H,O. 
Magnesium Hydroxide (Mg(OH),) 


Preparation: It is obtained by adding caustic soda solution to a solution of magnesium sulphate 
or chloride. 


MgSO, + 2NaOH —— Na,SO, + Mg(OH), 
Properties: 
(i) It is converted into its oxide on heating. 

Mg(OH), — MgO + H,O 
(i) It dissolves in NH, Cl solution easily. 

Mg(OH), + 2NH,CI —> MgCl, + 2NH,OH 


Magnesium Carbonate, (MgCO,): It occurs in nature as magnesite, МЕСО, and dolomite, 
MgCO,.CaCO.. 
Preparation: 
(i) By adding sodium bicarbonate solution to a hot solution of magnesium salt. 
MgSO, + 2NaHCO, —— MgCO, 4 + Na,SO, +H,O + CO, 
In case Na,CO, is used in place of NaHCO,, a basic carbonate is obtained. 


2MgSO, +2Na,CO, + H,O——> MgCO,.Mg(OH), + 2Na,SO, «CO, 


When CO, gas is passed through the suspension of basic carbonate, magnesium bicarbonate is 
formed which on heating forms MgCO.. 


MgCO, Mg(OH), +3CO, + H,O—— 2Mg(HCO,), 
Mg(HCO,), —*— МЕСО, +H,0 + CO, ? 


(ii) Pure magnesium bicarbonate and hence carbonate can be prepared by passing CO, through 
suspension of magnesium oxide in water. 


MgO + H,O + 2CO, —— Mg(HCO,), 
Mg(HCO,), + MgO —— 2MgCO, +H,0 
Properties: 
(i) Magnesium carbonate is a white powder, insoluble in water. 
(ii) It dissolves in acids forming salts. 


MgCO, +2НСІ —— MgCl, +H,0 + CO, 7 
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(ш) Its aqueous solution also dissolves on passing a current of carbon dioxide because of the 
formation of Mg(HCO,)., a temporary hardness causing substance. 


МЕСО, +H,O+CO, ——> Mg(HCO),), 
A solution of magnestum bicarbonate containing 12 gm. of the salt per 100 ml is known as 


fluid magnesia. 
(iv) К decomposes on heating to form magnesium oxide. 
MgCO, “> MgO + CO, 
6. Sorel cement. 
Magnesium oxide when mixed with a saturated solution of magnesium chloride sets to a hard mass 
like cement known as magnesia cement or Soral cement. The composition is 
MgCl,.5MgO.xH,O 
* Mg(CIO,), is known as anhydrone 
Illustration 
1. Magnesium burns in CO, to form 
(A)MgO +C (B) MgO + CO (C) MgCO, (D) MgO 
Ans. (A) 
Sol. Mg bums in CO, to give MgO and C. 
2. Which ofthe following is incorrect ? 
(А) Mg bums іп air releasing dazzing light rich in UV rays 
(B) CaCl,.6H.O when mixed with ice gives freezing mixture 
(C) Mg cannot form complexes 
(D) Be can form complexes due to its very small. 
Ans. (C) 
Sol — Mgcan form complexes and chlorophyll is one of such examples. 
Exercise 
1. Flame test is not given by 
(A) Be (B) Mg (C) Ca (D)Sr 
Ans. (A,B) 
2. Pure anhydrous MgCl, can be prepared from the hydrated salt by 
(A) Heating the hydrate with coke (B) Heating the hydrate with Mg ribbon 
(C) Melting the hydrate 
(D) Heating the hydrate to red heat in an atmosphere of HCI gas 
Ans. (D) 
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(3) Calcium 


(i) Calcium oxide Quick lime, Burnt lime (СаО). 


Preparation 
It is prepared by heating lime stone (CaCO,) at 800°C 
CaCO, <=> СаО + CO, АН = 179.9 КЈ 


Condition for Good Yield : 

(1) Since the reaction is reversible, therefore the carbon dioxide formed must be removed as soon as it is 
formed so that the reaction remain in the forward direction. 

(ш) Temperature should not be allowed to rise above 1270K otherwise silica (510,) present as impurity іп 
limestone will react with CaO to form CaSiO,. 


Properties 
(i) Action of water: 
CaO + H,O——> Ca(OH), + 15000 Caloric 
(quick lime) (Slaked lime) 


Paste of lime in water is called milk of lime, while its hydrate is known as lime water. 
(ii) With moist chlorine : 

CaO + СІ, ——> CaOCl, (Bleaching powder) 
(iit) When heated with carbon, it forms calcium carbide. 


CaO + 3C —27©_› Сас, + CO 
Uses 
(i) In purification of sugar 
(ii) As basic lining in furnances. 


(ii) Calcium hydroxide, Slaked lime Ca(OH),. 


Preparation 
By the action of water on quick lime. 
CaO + H,O —» Са(ОН), + Heat 
means it is an exothermic reaction. 


Properties 
(i) Sparingly soluble in water and its solubility decreases with increases in temperature. 
(ii) Action of CO, : Lime water turns milky on passing CO, gas 
Ca(OH), + CO, ——» CaCO, + H,O 
(Milkiness) 
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Action of chlorine : 
(a) Cold Condition : 
2Ca(OH), + 2С1, o; CaCl, + Са(ОСІ), + 2H,O 
(Cal. Hypochlorite) 
Below 35°С: 3Ca(OH), + 2С1, —— à CaOCl, + H,O 


On gentle Heating : 6Ca(OH), + 6Cl, —“““> 5CaCl, +Ca(ClO,), + 6H,O 
On Red Hot : 


2Ca(OH), + 2CI, — =, 2CaCl, + 2H,O +0, 
Action of Ammonia: 
Ca(OH), + 2NH,CI ——> CaCl, + 2NH, +2H,O 


For softening of hard water. 
For purification of sugar and coal gas. 
In preparation of bleaching powder, white wash, plaster etc. 


(iii) ^ Calcium Carbonate, (CaCO,): Calcium carbonate is found in nature as limestone, marble, coral, 
ice land spar, calcite, chalk, dolomite, etc. 


Preparation: It is prepared as a white powder, known as precipitated chalk by dissolving marble 
or limestone in hydrochloric acid followed by precipitation with sod. or ammonium carbonate. 


CaCO,  2HCI —> CaCl, + H,O + CO, 


CaCl, + (NH,),CO, —— CaCO, + 2NH,CI 


In the laboratory, it is prepared by passing CO, through lime-water or by adding sod. or ammo. 
carbonate solution to CaCl.. 


Ca(OH), + CO, —> CaCO, 1 +H,0 


Properties: 


(0) 
(п) 


It is а white powder and exists in two crystalline forms: calcite and aragonite. 


It is insoluble in water but dissolves in the presence of CO, due to the formation of calcium 
bicarbonate. 


CaCO, + H,O + CO, —— Са(Нсо, ), 


(ivy) Calcium Bicarbonate, (Ca(HCO,),): It does not exist in solid state. However, its solution can be 
prepared by passing CO, gas through a suspension of calcium carbonate in water. On warming, it 
decomposes to calcium carbonate along with the evolution of carbon dioxide gas. 

(v) Calcium Sulphate, (CaSO,): It occurs in nature as anhydride (CaSO,) and gypsum (CaSO,. 


211,0). 


Preparation: It may be prepared by adding dilute sulphuric acid or soluble sulphate (e.g. Na,SO,) 
to the solution of a calcium salt. 


CaCl, + H,SO, —— CaSO, +2HCI 


(ii) 


(ш) 


(vi) 


(vii) 


Properties: 


It is a white crystalline solid. Like slaked lime, it is sparingly soluble in cold water and its solubility 
decreases further with the increase іп temperature. 

It dissolves much more readily in dilute acids, even in acetic acid than in water. It dissolves also in 
ammonium sulphate solution forming CaSO,.(NH,)SO,.H,O. 

Monoclinic crystals of gypsum when heated, first changes into orthorhombic form without any loss 
of water. On further heating to 120°C, it loses three-fourth of its water of crystallization and forms 


the hemihydrate, (2CaSO,).H,O or CaSO,.+H,O which is commonly known as Plaster of Paris. 
CaSO,.2H,O — ==> CaSO,. 1 H,O « 11 H,O 


Plaster of Paris is a white powder which when mixed with water takes up the water of crystallization 
again, thus converted back into the dehydrate and sets to a hard mass with slight expansion. Setting 
takes about 10-15 minutes and may be catalysed by the addition of common salt or delayed by 
the use of alum or borax. 


CaSO,. $ H,O —27— CaSO,.2H,O —““*> CaSO, 2Н,0 
Plaster of Paris ý Onhoe hom bic Moncelisuc (gypsum ) 


Plaster of paris or gypsum when heated to about 200°C is converted into anhydrous calcium sulphate. 
The anhydrous form (anhydrite) is known as dead burnt because it does not set like Plaster of 
Paris when moistened with water. 


Calcium Chloride (CaCl) 


Preparation: It separates out as deliquescent crystals when a solution of lime or calcium carbonate 
іп НСІ is evaporated. 


CaCO, + 2НС1 —> CaCl, + H,CO, 
But it separates out from the reaction mixture as CaCl,-6H,O. The anhydrous salt is obtained on 
heating above 200°C. 
Properties: — It is a colourless, deliquescent salt, highly soluble in water. The anhydrous salt is an 
excellent drying agent. 


Superphosphate 

Phosphate rocks such as fluoroaptatite [3Ca,(PO,),.CaF,] are very insoluble, and thus are of no 
use to plants. Superphosphate is made by treating phosphate rock with concentrated H,SO,. The 
acid salt Ca(H,PO,), is more soluble, and over a period of weeks the superophosphate will dissolve 
in the soil water 


(3(Ca,(PO,),.CaF,] + 7H,SO, — 3Ca(H5PO4); +7Са$О + 2HF 
"superphosphate 
“Triple superphosphate’ is made in a similar way, using H,PO, to avoid the formation of the waste 
product CaSO,. 
[3(Ca,(PO,),.CaF,] + 14H,PO, —› 10Ca(H;PO;); + 2HF 


(viii) 


33 


Hydrolith 
CaH, is technically called hydrolith and use on large scale for the production of hydrogen 
Сан, + 2H,O —> Ca(OH), + 2H, 


(ix) Calcium Carbide, CaC, 
Calcium carbide is prepared by heating quick lime with coke in an electric furnace. 
CaO « 3C ——CaC, « CO ? 
CaC, on reaction with water produces acetylene gas 
Сас, + 2H,0——» Са(ОН), + C;H; 
Illustration 
1. Which of the following substance is used as dehydrating agent in laboratory 
(A)Calciumchloride (B)Sodiumchloride (С) Sodium carbonate (D) Potassium nitrate 
Ans. (A) 
Sol CaCl, because it is hygroscopic, 
E Setting of plaster of paris is 
(A)Oxidation with atmospheric CO, (B) Combination with atmospheric CO, 
(C) Dehydration (D) Hydration to yield another 
Ans. (D) 
Sol Setting of plaster of paris is 
1 
CaSO,. 7 H,O —*':9 , CaSO,.2H,O . wer , CaSO,2H,0 
orthorhombic Mono orthorhombic Gypsum 
The setting is due to formation of another hydrate. 
Exercise 
1. Which of the following statements is false 
(A) CaOCL gives ОН, СГ and OCI” in aqueous solution 
(B) Diamond and graphite are allotrops 
(C) Bleaching action of Cl, is moist condition is not permanent 
(D) Calomel is Hg,Cl, 
Ans. (C) 
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Q.1 


Ans. 


Sol. 


Q.2 


Ans. 


Sol. 


Q3 


Ans. 
Sol. 


Ans. 


SOLVED EXAMPLES 
NaOH gives disproportionation reaction with 
(A)S (B) CO, (C) SO, (D) SO, 
(A) 


45 + 6NaOH —+., Ма,5,0, + 2Na,S + 3H,O 
with excess pentasulfide forms 
NaS + 45 — > Nas, 


CO, gas along with solid (Y) is obtained when sodium salt (X) is heated, (X) is again obtained 
when CO, gas is passed into (Y). X & Y are - 

(A)Na,CO,, NaO (В) Na,CO,, NaOH (C) NaHCO,, Na,CO, (D) Na,CO,, NaHCO, 

(C) 

2NaHCO; 4, Ха,СО;+Н,О+СО, 


(Xi — ІҮ} 


Ма, СО, + Н.О + СО, 
m з+85 — пио, 


Commercial common salt becomes slightly damp on keeping. This is due to the fact that - 

(A) Common salt is hygroscopic 

(B) Common salt contains some impurity which is hygroscopic 

(C) Salt is efflorescent 

(D) Salt is crystalline 

(B) 

Commercial common salt commonly becomes slightly damp on keeping because common salt contains 
some impurity MgCl, and CaCl, which is hygroscopic in nature and absorbs moisture from the atmosphere. 


The highest melting point among alkali metal of - 

(A) Li (B) Na (CO) K (D) Rb 

(A) 

Li has highest melting point among alkali metals. All alkali metals have low М.Р. The М.Р. decrease 


down the group. The low M.P. are attributed to their larger atomic size due to which the binding energies 
of their atoms in the crystal lattice are low. 


Li has the maximum value of ionisation potential among alkali metals i.e. lithium has the minimum tendency 
to ionise to give Li* ion. lithium is - 


(A) Strongest reducing (B) Poorest reducing agent 
(C) Strongest oxidising agent (D) Poorest oxidising agent 
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Sol. 


Sol. 
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The ionisation potential value of Lithium is maximum among alkali metals i.c., its tendency to ionise to 
give Li ions should be the minimum і.е. Li should be the poorest reducing agent. But, lithium is the 
strongest reducing agent. This is due to the largest value of hydration energy of Li* ions. 


Which of the following compound decomposes at highest temperature - 

(A) SrCO, (B) BaCO, (C) CaCO, (D) MgCO, 
(B) 

BaCO, decomposes at highest temp. 

All the carbonates decompose on heating to give CO, and metal oxide. 

МСО, —*,MO + CO, 


The stability of carbonate towards heat depends upon the stability of the resulting metal oxide. More is 
the stability of the resulting metal oxide lesser is the stability ofthe carbonate towards heat and vice 
versa. 


Gypsum CaSO ,.2H.O on heating to about 120°C forms a compound which has the chemical composition 
represented by 


(A) CaSO, (B) 2CaSO,.H,O (C) CaSO,.H,O (D) 2CaSO,.3H,O 
(B) 
2(CaSO,.2H,O) E 2CaSO,. H,O + 3H,O 
Gypsum Plaster of pairs 
Portland cement is manufactured by using - 
(A) Lime stone, clay and sand (B) Lime stone, gypsum and sand 
(C) Lime stone, gypsum and alumina (D) Lime stone, clay and gypsum 
(D) 
Lime stone - CaCO, 


Clay - silica and alumina 
Gypsum - CaSO,.2H,O 


The first ionization potential of Mg is 

(A) Less than Al (B) More than Al (C) Equal to Al (D) Zero 

(B) 

The first ionization potential of Mg is more than Al since the electron has to be removed from completely 
filled svalence shell of Mg. 


Metallic magnesium is prepared by 
(A) Reduction of MgO by coke 
(B) Electrolysis of aqueous solution of Mg(NO,) 
(C) Displacement of Mg by iron from MgSO, solution 
(D) Electrolysis of molten MgCl, 
(D) 
MgCl, —Beawhsis_, Mg” + 2Cl 
(Molten) Cation Anion 
Anode : 2С ———> 2Cl+2e , CI+ CI ——9 CI, 
Cathode : Mg? + 2e ———> Mg 


Q.11 


Ans. 


Q.12 


Ans. 
Sol. 


Which liberates ammonia when treated with 

(A) Li,N (B) Mg,N, (C) CaCN, (D)AII 

(D) 

All nitrides react with Н.О to yield NH,. Calcium cyanamide (CaCN,) on hydrolysis also given NH... 
CaNCN + 34,0 —> CaCO, +NH, 


The cation which gives a yellow precipitate with potassium chromate is 

(A) SrCO, (B) BaCO, (C) CaCO, (D)MgCO3 
(B) 

Barium gives a yellow ppt. of barium chromate with pot. chromate, 

K,CrO, + Ba?' —> ВаСгО, + 2K* 


If Na’ ion is larger than Mg” ion and S% ion is larger than CI ion, which of the following will be least 
soluble in water? 

(A) Sodium chloride (B)Sodium sulphide (С) Magnesium chloride (D) Magnesium sulphide 

(D) 

Magnesium sulphide. Higher the lattice energy lower the solubility. Out of the four combinations possible, 
the lattice energy of MgS (Bi-bivalent ionic solid) is higher than those of Na2S, MgCD (uni-bivalent or 
biunivalent ionic solids) and NaCl (uniunivalent ionic solids) and hence Mgs is the least soluble. 


Which of the following is used as barium meal for getting the X-ray spectrum of the human digestive 
system ? 

(A) BaSO, (В) Васі, (С) BaF, (D) Васо, 

(А) 

BaSO, is both insoluble in water and opaque to X-rays and hence is used to get the X-ray spectrum of 
the digestive system ? 


Potassium is kept in 


(A) Alcohol (B) Water (C) Kerosene (D) Liquid ammonia 
(C) 
Alkali metals are highly reactive metal. They react with 
Alcohol -2C.H,OH + 2K — — 2C,H,OK +H, 
Water -2К + 2H, O——> 2КОН + Н, 
Ammonia —K+(x+y)NH, — [K(NH,)] + [e(NH] 
Ammoniated cation Ammoniated electron 


But they do not react with Kerosene. 
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p - BLOCK-I 


The elements in which the last electron enters to the outer most p orbital are called p- block elements. As 
the maximum number of electrons that can be accommodated ina set of p-orbitals is six, therefore there 
are six groups of p - blocks in the periodic table. 


Group 13 Elements : Boron Family 


The Elements are B (Non metal), Al, Ga, In, T£ (Metals) 
General electronic configuration [Noble gas] ns? np! 


Atomic and Physical properties 


(1) Atomic and Ionic radii 
Atomicradi: B>Ga<Al<In<Tf 
(ti) Ionization Enthalpies. 
B» T/ > Ga» Al > In (Sumofthree IE values) 
(ti) ^ Melting and Boiling points 
МР. B>AI>Tl>In>Ga 
B.P. B>Al>Ga>In>TI 
(iv) Electropositive Character 
Due to high IE they are less electropositive. On moving down the group metallic character increases due 
to decrease in IE [ ~. B is nonmetal and other elements are metals.] 


В < Al«Ga « In « TI 
Non metal Metals 
Note : Boron exists in many allotropic forms. All the allotropes have basic building В, , icosahedral units made 


up of polyhedron having 20 faces and 12 comers. For example one is the simplest form : a - rhombohedral 
boron. 


But Al , In & T£ all have close packed metal structure. 


CHEMICAL PROPERTIES 


(i) Reaction with oxygen 
4 B +30, —> 28,0, 
4A1 +30, — 2А1,О, 
Al should react air to form a very thin oxide film (10+ to 105 mm thick) on the surface and protects the 
metal from further attack 


3 
2 Al(s) + 3 0,(g) э Al,0,(s) AH? =— 1670 kJ/mole (Thermal reaction) 


(ii) Reaction with water 
B + H,O (Cold & hot)—— no reaction 
2B + 3H,0 —9 В,0, + H, 
(red hot) 
3 
Al * 3H,0 —» АКОН), + 2 H, 
Ga and In are attacked neither by cold water nor hot water unless oxygen is present. T/ form an oxide 
on surface. 
(ui) B + HCl — no reaction 
B +H,SO, (dil).—— no reaction 
2B + 3H,SO, (conc.) —» 2H,BO, + 350, 
B + 3HNO, —> H,BO, + 3NO, 
2Al + (conc.) 6H,SO, —> AL,(SO,), + 350, + 6H,O 
Al + (conc.) HNO,(80%)—— ALO, (passive layer) and does not react further. 
(iv) 2B +2NaQOH + 2H,O—-> 2NaBO, + 3H, 
2Al + 2NaOH + 2H,0 —> 2NaAIO, + ЗН, 
(v) 2B + N, —> 2BN 2Al + №, э 2AIN 
4B + C —9 B,C 4Al+ 3C—— ALC, 
(i) 3Mg+2B—— Mg,B, 
Illustration 
Stability of trivalent and monovalent cation of group 13 (Boron family) will be in order : 
(A) Са? < 1п%* < TP* (B) Са? > Іа?* > TP* (C) Ga^»In TI (D)Ga' «In' « TI* 
Ans. (B)(D) 
Sol. By inert pair effect stability of +3 state decreases and that of +1 state increases along a group. 
Exercise 
1. Which one of the following elements has the highest melting point 
(A)AI (B)B (C) Ga (D)TI 
Ans. (B) 


BORON AND ITS COMPOUNDS 


(i) 


Occurrence: 

Boron does not occur free in nature .It occurs principally as borates e.g. 
(i) Borax & tincal : Na,B,0,.10H,O 

(ii) Colemanite : Ca,B,O, ,.5H,O 

(iii) Kernite : Na,B,O,.4H,O 

(iv) Boric acid : H,BO, 


(ii) 


Extraction of Boron — 

Extraction from minerals : 

Principle——» Boron may be obtained by treating borax with hot concentrated HCL, igniting the boric 
acid H,BO, to give the oxide B,O, and finally reduced with Mg. 


2Ca,B,O,, + 3Na,CO, + H,O ——— 3Na,B,O, + 3CaCO,) + Ca(OH), 
Colemanite 


Na,B,O, + 2HCI——> 2NaCI + H,B,0, 
Borax 


H,B,O, + 59,0 ——> 4H,BO, 
2H,BO, ——> В,О, + 3H,0 
B,O, + 3Mg ——> 2B + 3MgO 


Crystalline Boron : 


(iii) 


Preparation : 
By reducing the vapour of boron tribromide (BBr,) with hydrogen in an electric arc 
2BBr, + 3H, ——> 2B + 6HBr.T 


By the thermal decomposition of BI, оп a tantalum filament 
2 BI, ———» 2B +31, 


Pure Boron in the thin film can also be obtained by heating diborane to 700"C 
B,H,——> 2B + 3H, 


Physical properties 

(а) Itis a non- metal. Boron occurs in two different allotropic forms AMORPHOUS and CRYSTALLINE 
(b) Amorphous boron has not been obtained in the pure state . 

(c) Crystalline boron is a black powder , extremely hard with a metallic appearance but with very low 
electrical conductivity. 


COMPOUNDS OF BORON 


() B,H,(Diborane) 
Structure of Diborane : 
В = 152 2s? 2p! 
Is 2st 7202 2p! 2р, 


sp! Hybridisation 


BX 9 
х Хә 4 {5р - si 2{ sp- s-sp} 


у, 
2 


(c) 


(f) 


4 Terminal H-are bonded by c bond & remaining 2H are bridging hydrogens and of these are broken 
then dimer become monomer. 

Boron undergoes sp? hybridisation 3 of its sp? hybridised orbitals contain onee each & fourth sp? 
hybrid orbital is vacant 

3 of these sp* hybrid orbitals get overlapped by s orbitals of 3 hydrogen atoms. 

One of the sp? hybrid orbitals which have been overlapped by s orbital of hydrogen gets overlapped by 
vacant sp? hybrid orbital. of 2 Boron atom and its vice versa. 

By this two types of overlapping take place 4(sp*—s) overlap bonds & 2 (5р? — s — sp?) overlap bonds. 


H is held in this bond by forces of attraction from B & This bond is called 3 centered two electron bonds. 
It is also called Banana bonds. Due to repulsion between the two hydrogen nuclei, the delocalised 
orbitals of bridges are bent away from each other on the middle giving the shape of banana. 


Uses of Diborane : 


(i) 


Diborane is used for preparing substances such as high energy fuel & propellents. 


(ii) Boron hydrides have been tried as rocket fuels . 
(ш) ^ ltisusedasacatalyst in polymerisation reaction. 
(iv) tis used as areducing agent in inorganic reaction. 
(v) It is used for welding torches. 
Preparation of B,H,: 
(i) Mg,B, + HCI —» B,H, + B,H,, + BH, etc. 
(10%) 
= A : 
(1) BH, gue. B,H, +H, + higher borane 
- Electric 
ЕБЕ 
ш) вс, (or В Brj) 2e en, discharge at low pressure BH, ToU 
(v) — 3LiAIH, * BF, —9 3LiF +3AlF, + 2В,Н, 
or LiBH, or 3(BF,) 
Physical properties : 
(i) Diboranes ( Melting point = –165.5°С , Boiling point = -92.5°C) is a colourless gas with a foul smell & 
is extremely toxic. 
(1) It isan extremely reactive inflammable gas which bums in air with green flame. 


(ш) Diborane reacts with sodium amalgum to form an addition product B,H,Na,. 
(iv) | Onheatingto 700°C diborane dissociates, 
B,H,——> 2B + 3H, 7 
(v) Diboranc readily adds at 0°C to 25°C to the olefinic acetylene compound to form trialkylboranc. The 
reaction is known as hydroboration. 


CH, -CH, 


| 
6CH, = CH, + BH, ——«. , 2 CH, -CH, -B-CH, - CH, 
Ethylene Triethylborane 


(м) . Diborane is electron - deficient molecule & hence it reacts with several molecule having lone pair(s) of 
electron (e.g. CO, ether, amines etc.) to form complex compounds. 


(vii) Вогапеѕ have great affinity for water & О, hence they do not occur in nature. Moreover borane cannot 
be prepared directly from its elements as they have positive enthalpy & positive free energy of formation. 


Chemical properties 
© —B,H,*O0, — —"** — .B,0, + HO 


air spontaneously 


(ii) ^ B,H,* HCl (dry) => B,H,CI+H, 
3 


(v) | B,H, + 2N(CH,), —— — 2(CH,),N + BH, 

(v) В, Н, + 2Na (amalgam) ———» B,H,Na, 

(i) | 6NH, + 3B,H, ——— 2B,N,H, + 12H, 
borazole 


Illustration 


— 
L] 


In diborane 

(A) 4-Bridged hydrogens and two terminal hydrogens are present 

(B) 2-Bridged hydrogens and four terminal hydrogens are present 

(C) 3-Bridged and three terminal hydrogens are present 

(D) None ofthe above 

Ans. (B) 

Sol In diborane (B,H,) there are two bridged Н atoms and four terminal Н atoms which along with two B 
atoms lie in plane perpendicular to each other. 


Exercise 


l. In the reaction B,O, + С + Cl, ——> A + CO. The A is 
(A) ВСІ, (B) BCI, (C) B,Cl, (D) ССІ, 
Ans. (A) 


(П) Orthoboric Acid (H,BO,) 
H,BO, is soluble in water and behaves as weak monobasic acid. It does not donate protons but rather 
it accepts OH" . Therefore it acts as a Lewis acid (B(OH),) 


B(OH), + 2H,O <=> H,0* +[B(OH),]}- 
or H,BO, 


Since B(OH), only partially reacts with water to form H,O* and [B(OH),] it behaves as a weak acid. 
Thus it cannot be titrated satisfactorily with NaOH as a sharp end point is not obtained. If certain 
polyhydroxy compounds such as glycerol, mannitol or sugar are added to the titration mixture then 
B(OH), behaves as a strong monobasic acid and hence can now be titrated with NaOH and end point 
is diluted using phenolphthalein as indicator. 


B(OH), + NaOH == Na[B(OH),] 
NaBO, + 2H,0 


The added compound must be a cis diol to enhance the acidic proprieties. In this way the cis-diol forms 
very stable complexes with [B(OH),] formed in forward direction above, thus effectively removing it 
from solution. Hence reaction proceeds in forward direction (Le-Chatelier principle.) 


" Heating of boric acid : 


H,BO, —7—, HBO, — "Е, H,B,0, Ee B,O, 
2 2 2 


Metaboric acid tetraboric acid Glassy mass 


- : 
* — H,BO,*H,0,—9(H,0)* (HO),B-O-O-H —9H „ма, (HO), a О (OW), -6H,0 
Mii М 


Sodium peroxy borate used in washing powder 
as brightener 
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Illustration 


1. 


Ans. 
Sol. 


Aqueous solution of borax reacts with two mol of acids. This is because of : 

(A) Formation of 2 mol of B(OH), only 

(B) Formation of 2 mol of [B(OH),] only 

(C) Formation of 1 mol each of B(OH), and [B(OH),] ~ 

(D) Formation of 2 mol each of [B(OH),] and B(OH), of which only [B(OH),] reacts with acid 
(р) 

Na, B,O, + 7H,O ——> 2В(ОН), + 2Na[B(OH),] 

B(OH), or H,BO, is an acid and does not react with acid. 

Hence Na[B(OH),] reacts with acid. 


Exercise 


1. 


Ans. 


Borax is converted into B by steps 

Borax I H,BO, A B,O, Il В 

Гапа II reagents аге: 

(A) Acid, Al (B) Acid, C (C) Acid, Fe (D)Acid, Mg 
(D) 


(Шш) 


(b) 


Borax Na, B,O.. 10H,O or Tincal : 

(a) It is also named as sodium tetra borate decahydrate. 

(b) Common Indian name is Suhaga. 

(c) | Na;B,O;. 5Н,О is known as Jeweller's 

(d) М№а,В,О, is known as Boron glass 

Preparation : 

Form colemanite : 

Preparation of Borax : 

2Ca0 - 3B,0, + 2Na,CO, — ——» 2CaCO, i Na,B,O, + 2NaBO, 
Colemanite 


Filtered 
— CaCO цаз residue) 


NaBO, + жале | <_Loncenraed _ Na,B,O, + NaBO, 
arene ee 


in Fi 1 and allowed to 
in Filtrate as residue энене et Pp SURE 
and filtered 
CO, passed and 
crystallise out again [4NaBO, + со, — Na,B,O, * Na,CO,] 


Na,B,O, -10H,O i 
as 2nd Crop. ofthe 
rcaction. 


Uses of borax:(i) In making glass, enamel and glaze of pottery. 


(ii) As antiseptic in medicinal soaps preparation. 


Chemical Properties : 
Action of Heat on Borax : 

(i) Borax swells up on heating. 

(ii) On heating borax loses water and swells into a white mass which on further heating melts to forms 
transparent glassy solid called Borax glass and Borax bead. 


Na,;B,O,.10H,O. "e , Na,B,O, 79€ , Na,O + 2В,0,. 
(ui) The borax bead is due to the formation of BO, which when fused with metal salts form corresponding 


metaborate. 
В,О, + СиО — Cu(BO,), 
Copper meta borate (Bluc) 
(iv) Colour of meta borates 
Cu Fe Co Ni Cr 
Blue Green Blue Brown Green 
Illustration 


1. Na,B,0,.10H,0 — > NaBO,* A* H;O, A+MnO —-— B 
A and В аге: 
(A) Na,BO,, Mn,(BO,), (B) Na,(BO,),, Mn(BO,), 
(C) B,O,, Mn(BO,), (D) None is correct 

Ans. (C) 


Sol. A=B,O,, B=MnO+B,O,~ МА(ВО,), 


Exercise 


Borax is used as a buffer since : 

(A) Its aqueous solutions contains equal amount of weak acid and its salt 
(В) It is easily available 

(C) Its aqueous solution contains equal amount of strong acid and its salt 
(D) Statement that borax is a buffer, is wrong 

Ans. (А) 


Aluminium and its compounds 


1. Aluminium does not occur free in nature. It is most abundant metal in the earth's crust. 
2. Important minerals аге: 

(i) Bauxite : ALO, .2H,O (ii) Diaspore : ALO, . H,O 

(iii) Corrundum : Al,O, (iv) Cryolite : Na, AIF, 


(v) Feldspar : K Al Si,O, or К.О. ALO, . 6510, 

Among binary compounds of Al only AIF, & ALO, are ionic. 

Extraction of Al is done from bauxite (Al,O,.2H,O) by electrolysis. The process involves: 
(a) Purification of bauxite. (b) Electrolytic reduction of alumina. 


a 


ә 
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COMPOUNDS OF ALUMINIUM 


(I) AlO, (Corundom) 
Preparation : 
(1) АКОН), —2°7©_› ALO, + 3H,0 
(ü) ^ AL(SO), —— ALO, + 350, 
(i) | (NH,),SO,- Al,(SO,), 24H,0 —* ALO, + 2NH, + 450, + 25H,O 
Properties 
(1) It is very stable and unreactive 
(2)  Meltingpomt ——» 2050°C 
Boilingpoint ——» 2980°C 
(3) __ Itisamphoteric oxide : 
AlO, +6HCI —9 2AICI,+3H,O 
(4) Reaction with carbon : 
2А1,О, + 9C _ 200°C , ALLC, + 6CO 
H 
4AL (OH), + i nn 
Uses : 
(1) It is used as a refractory material. 
(ii) In chromatography for separation of mixture. 
(m) ^ Inpreparation of Artificial gems. 
(I) AICI, 
Preparation: 
(i) 2Al + 6HCI (vap.) —» 2AICI, + 3H, 
(over heated) dry 
e A 
(ii) ALO, * 3C + 3CI, Tore AlCl, (vap.) - 3CO 
Cooled 
Solid anh. AICI, 
Props: 
(1) Its anhydrous formed is deliquescent and fumes in air. 
(i) ^— Itsublimesat 180°C. C 
(ш) It is covalent and exists in the form of dimer even if in non polar solvents e.g. Al 
alc., ether, benzene, where it is soluble in fair extent. CI 
Uses: (i) Friedel-Craft reaction 


(ii) Dycing, drug. & perfumes etc. 
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(Ш) Alums: 
M,SO,, М, (SO,), 24 H,O 
Props: Swelling characteristics 
where. M = №“, K+, КЬ“, Cs*, As*, ТІ“, NH; 
М'= AI?, Сг", Fe?, Mn”, Co? 


K,SO,AL(SO,),24H,0 Potash alum 
(NH4),SO,AL(SO,),24H,0 Ammoniumalum 
K,SO,-Cr,(SO,), 24H, OU Chrome alum 
(NH ne SO, Fe;(SO,).: 24H,0 Ferric alum 


Preparation: AlO, + 3H,SO, —9 AL(SO,), + 3H,O 
AL, 4S0), + K, 50, + aq. sol —> crystallise 


Uses: (i)Actas coagulant (ii) Purification of water 
(її) Tanning of leather (iv) Mordant in dying (у) Antiseptic 
Illustration 
1. Generally the atomic and ionic radii increase with increase in atomic number down the group. But the 


atomic size ofaluminium and gallium is almost the same. This is because 
(A) The nuclear charge of Ga is higher than that of Al 
(B) Gallium contains intervening d-electrons which do not screen the valence electrons effectively 
(C) The ionization energies of Ga and Al are comparable 
(D) All the three above. 
Ans. (B) 
Sol Due tothe poor shielding (screening) effect of d-electrons in case of Ga, the valence electrons are 
attracted more strongly and hence the size is not increased. 


2. Which of the following statements is incorrect about aluminium ? 

(A) It liberates H, from acids (В) It liberates Н, from bases 

(С) It liberates H, from both acids and bases (D) It liberates Hz from acids but not from bases 
Ans. (D) 
Sol. А! liberates Hz from both acids and alkalies. For example, 

2Al + 6HCI —— 2A ICL, + 3H,; also refer to. 


Exercise 


1. Which of the following reactions forms the basis of Goldschmidt aluminothermite process ? 


(A) 2Al + №, —— —9 2AIN (B) 2AI * 3CIl, ——> 2AICI, 

(C) 2AI + 6HCI ——— 2АІСІ, + ЗН, (D) 2Al + Fe,0, ——> ALO, + 2Fe. 
Ans. (D) 
2. Aluminium becomes passive in 

(A) Conc, HNO, (B) H,CrO, (C) HCIO, (D)All 


Ans. (D) 


(iv) 


(1) 


(6) 


(ii) 


11 


Group 14 Elements (Carbon Family) 


The Elements are С [Non metals], Si, Ge [Metalloids], Sn, Pb, [Metals] 


General electronic configuration [ noble gas] ns? np? 
Atomic and Physical properties 

Atomic Radii 

Covalent radii : C < Si < Ge < Sn « Pb 


lonizations Enthalpies 
C>Si>Ge> Pb>Sn (IE, values) 
Melting and Boiling Points 
M.P. C>Si>Ge>Pb>Sn 
BP. Si>Ge>Sn>Pb 
Metallic Character 


C<Si<Ge<Sn< Pb (Metallic character) 
C, Si [Non metal] 
Ge [ Metalloid ] 
Sn, Pb [Metal] 
Allotropes 
Carbon have two types of Allotropic forms 
(1) Crystalline (2) Amorphus 


Crystalline : Diamond, Graphite and Fullerene 
Diamond : 


Each carbon is linked to another atom and so very closed packing in structure of Diamond. 


Density and hardness is very much greater for diamond because of closed packing in diamond due 
to sp? hybrid and are tetrahedrally arranged around it. 


Diamond has sharp cutting edges that's why it is employed in cutting of glass. 
Diamond crystals are non conductor of electricity because of not presence of mobile electron. 
1 carat of diamond = 200 mgm. 


Diamond powder if consumed is fatal and causes death in minutes. 


Graphite : 
In graphite carbon are sp? hybridised and due to this carbon exist as hexagonal layer. 


Each carbon is lined with 3 carbons and one carbon will be left and form a two dimensional shed 
like structure. 


Distance between two layers is very large so no regular bond is formed between two layers. The 
layers are attached with weak vander waal force of attraction. 


The carbon have unpaired electron so graphite is a good conductor of current. 
C-C bond length in Graphite is shorter (1.42 A) than that of Diamond (1.54 A). 
Graphite has high melting point so it is employed in manufacture of crucible. 
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(7) 


(ш) 
(1) 


(2) 
(3) 


(4) 
(5) 
Q) 
(A) 
© 


(i) 
(B) 
(i) 

(i) 
(C) 
(i) 

(i) 


Graphite when heated with oxidising agents like alkaline KMnO, forms metallic acid. 


COOH 
6 
ноос -cf Nc- coon 
HOOC ?» C — COOH 
C 
соон 


Benzene hexa carboxylic acid 


Buck Minster Fullerene : 


It has the formula C,, and is made from interlocking hexagonal and pentagonal rings of carbon 
atoms. 

Such molecules are now thought to exist even in chimney root or candle smoke. 

The structure of C,, is similar to the surface of a football which has also set of interlocking 
hexagons and pentagons. 

Another molecule C., has been recently discovered. 

These and similar large carbon molecules are sometimes referred as "bucky balls". 

Amorphous Allotropic Forms of Carbon : 

Lamp Black : 


Obtained by incompletely combustion of compounds which contains higher % of carbon, benzene, 
turpentine, acetylene etc. These all on combustion form black carbon called lamp black. 


Black blue ink, printing ink, black paints, varnishes are made from lamp black. 
Coke : 

Obtained by destructive distillation of coal 

Cake is usually employed as weak reducing agent with compared to CO. 
Wood Charcoal : 

Obtained by incomplete combustion of wood. 

Used to decolourise organic compound. 


Allotropic forms of Tin : 


(i) 


It has three allotropic forms 

(а) White tin : 

Used in containers of oil. 

White tin is more stable and having maximum density. 

(b) Grey tin : 

(c) Rhombic tin : 

At low temp. (18?C) white tin converts to Grey tin. 

At temp. of 160°C (above) white tin converts to Rhombic tin. 


White tin forms grey tin which is obtained as powdery substance and with formation of this 
thickness of white tin container decreases. This is called Tin pest or Tin disease or Tin plague. 


When tin sheets are folded, they given a peculiar sound which is called as Tin cry. 


(3) 
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Catenation 

The property of forming bonds with atoms of the same element or tendency to self linking called catenation. 
Carbon shows maximum catenation. On moving down the group catenation tendency decreases. This 
because the strength of C — C bond is very high and in case of other elements, strength of M — M (where 
M = Si, Ge, Sn, Pb) bond is decreases down the group. 


COMPOUNDS OF CARBON FAMILY 


(1) 
© 


(ii) 
(ш) 


(2) 
(i) 
(ш) 


(ш) 
(iv) 


Carbide 
Types of Carbide 
lonic and salt like: 
Classification on basis of (a) C, unit 
no. of carbon atoms (b) C, unit 
present in hydrocarbon (c) C, unit 
found on their hydrolysis 
C, unit: AL,C,, Be,C 
Be,C + H,O —> Be(OH), + CH, 
AL,C, + 12H,O —9 4AKOH), + 3CH, 
C, unit: CaC,, BaC, 
CaC, + 12H,0 — Са(ОН), + CH=CH 
C, unit: Mg,C, 


Mg,C, + H,O —э 2Mg(OH), + CH,-C=CH : Propyne 


Covalent carbide : SiC & B,C 

Interstitial carbide : MC (Transition clement or inner transitional elements forms this kind of carbide) 
Interstitial carbide formation doesn't affect the metallic lusture and electrical conductivity. (Q no chemical 
bond is present, no change in property) 


Hydrides : 
Carbon form large number of hydrides eq. Alkanes, Alkenes. 


Hydrides of Si are silanes with formula Si, H., , ,. These are also called as Silicon alkanes. 
Eg. SiH,  Monosilicane Silicon methane 
Si,H, Disilicane Silicon ethane 
Silanes with 'n' up to 8 are known. 
Hydrides of Ge are called Germains. 
General Formula: Ge, Н. 
Eg. GcH,, Ge,H, 
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(v) Tin has only two hydrides i.e. 
(a)Stannane — SnH, 
(b)Distannane — Sn,H, 
(vi) Lead has only one hydride i.c. 
Plumbane — РЫН, 
(v) Thermal stability of hydrides $ Decreases, Because (A E.N decreases) 
(3) Oxides : 
Carbon reacts with oxygen to form three types of oxides- 
(a) Carbon monoxide CO (b) Carbon dioxide CO, (c) Carbon suboxide C,O, 
(a) Carbon monoxide CO 
(1) By incomplete combustion of carbon 
2C +0, —э 2CO 
(1) Reduction of oxides of heavy metals with carbon 
ZnO * C —9 Zn + CO 
Ғе,О, + 3C — 2 Fe + ЗСО 
PbO +C. а. Pb+CO 
(ш) ^— Bydehydration of formic acid with conc. H,SO, 
(laboratory method) 
HCOOH —=*> CO+H,0 
Formic acid (pure) 
(iv)  Byaction of conc. H,SO, on potassium ferrocyanide 
K, [Fe(CN),] + 6H,SO, + 6H,O —+_, 2K,SO, + FeSO, + 3(NH,),SO, +6CO 
pot. ferrocyanide 
Physical Properties : 
(i) It is a neutral oxide. 
(ii) Colourless & odourless gas, slightly soluble in water. 
(ш) Poisonous nature duc to its ability to form a stable complex with the haemoglobin present in the red 
blood cells. 
Haemoglobin + CO — carboxy haemoglobin 
Due to formation of stable complex with CO, Haemoglobin looses its O, carrying capacity which causes 
death. 
Chemical properties 
(i) Formation of metal carbonyls 


Ni+4CO __ змок, Ni (CO), 
Nickel carbonyl 


15 


Fe + SCO ———9 Fe(CO), 
iron carbonyl 
(ii) Absorption 
CO is readily absorbed Буа soln. of CuCl in conc. HCI or NH, due to the formation of soluble complexes 
CuCl + NH, + CO э [Cu(CO) NH] СГ 
(soluble complex) 
COCuCI + НСІ + CO —> Н [Cu(CO)CL] 
(soluble complex) 
(ш) = WithCl, = 
CO+Cl, ———  COCI, 
Phosgene (Poisonous) 
(iv) With NaOH ARA 
CO + NaOH ae HCOONa 
Estimation of carbon monoxide : 
(1) It reduces iodine pentoxide to iodine & this iodine can be titrated with standard sodium thio sulphate 
solution. CO can be estimated by this method. 
SCO + LO, > I, + SCO, 
(п) CO does not support combustion but itself burns in air with a blue flame producing carbonsuboxide. 


Tests of carbon monoxide : 

(1) It bums with blue flame. 

(ii) Filter paper soaked with PdCI, is turned pink, green or black. Расі, is reduced to the metal. 
(ш)  Itreduces iodine penta oxide into free iodine, which give colour with ССІ, CS, or CHCH. 


(b Carbon dioxide CO, 
Preparation 
(i) By burning carbon, fossil fuels & other org. Compounds in air 
C*0,— CO, 
CH, + 20, —> СО, + 2H,0 
(ii) By action of HCI on carbonates (laboratory method) 
CaCO, + 2НС1 ——> CaCl, + CO, + HO 
NaHCO, + НСІ ^ , NaCl+H,0+ CO, 
Physical Properties : 


(i) Colourless & odourless gas (about 1.5 time heavier than air) 
(ii) Not poisonous, but does not support life. 


Chemical properties 

(i) Non combustible nature (certain active metals Na, K, Mg burn in it) 
2Mg + CO, —> 2MgO + C 
Zn + CO, —> ZnO + CO 


(ii) Acidic nature : It dissolves in water to some extent to form carbonic acid. 
CO, + H,O —> Н,СО, == Н? + НСО, 
carbonic acid 
(weak dibasic acid) 2H* + CO,? 
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(c) 
(i) 


(4) 


(5) 
(i) 

(ii) 
(ш) 
(iv) 


(v) 


(vi) 
(vii) 


it reacts with metallic oxides 
CaO + CO, —» CaCO, 


Carbon suboxide C,O, 

Structure : O=C=C=C=O (Linear) 
Preparation : 

By heating malonic acid with phosphorus penta oxide 


COOH 
| 
3cH, +P,0,, S&C, 3c o, + 4H PO, 


COOH 
malonic acid 


Properties : 
(i) Colourless gas, B.P. 60C 
(ii) Very readily polymerises to give coloured salts. 
(iii) It decomposes at 2000C 
C,0, .—* , CO, * 2C 
Oxvacids : 
(1) Oxyacids are formed by C & Si. 
(ii) Main inorganic oxyacid is H,CO, 
(ii) Н,510, issilica acid. 
Halides : 


They form tetra halides MX, except PbBr, & Pbl.. 
The non existence of PbBr, and РЫ, is due do that Pb* is a strong oxidising agent while Вг & Г are 
highly reducing agent. 
All MX, are covalent except SnF,. It is Ionic. 
The tetrahalides of carbon cannot undergo hydrolysis due to non availability of vacant 'd' orbitals 
CCI, + H,O —» COCI, + 2HCI. 
phosgene 
The tetrahalides of silicon like SiF, can form 51,27. In this ion silicon undergoes sp*d" hydridisation 
where carbon cannot form this type of ion. 
Dihalides of these elements are more ionic than their corresponding tetrahalides. 
Thermal stability of tetrahalides 


CX, > SiX, > GeX, > SnX, > PbX,. 


Illustration 

1. Which element-clement bond has the highest bond dissociation energy ? 

(A) C—C (B) Si—Si (C) Ge—Ge (D)Sn—Sn 

Ans. (A) 

Sol C—C bond dissociation energy is 355 kJ mol-: which is highest amongst the carbon family members. 

2 In graphite, electrons are 
(A) Localised on every third C-atom (B) Present in anti-bonding orbital 
(C) Localised on each C-atom (D) Spread out between the structure. 

Ans. (D) 

Sol Іп graphite, each carbon is sp2-hybridized and forms four covalent bonds with other C-atoms overlap 
side wise to give z-electron cloud which is delocalized and thus the electrons are spread out between 
the structure. 

Exercise 

1. Consider following statements : 

1: In diamond, each carbon atom is linked tetrahedrally to four other carbon atoms by sps bonds. 

II : Graphite has planar hexagonal layers of carbon atoms held together by weak vander Walls forces 
Ш: Silicon exists only in diamond structure duc to its tendency to form pp— pp bonds to itself. 

In this: 

(A) Only I and П are correct (B) Only 1 is correct 

(C) Only II and Ш are correct (D) All are correct statements 

Ans. (D) 

2. Select correct statement : 

(A) Oxides of carbon family (MO,) are all network solids with octahedral coordination 
(B)Silicon dioxide (silica) is a network solid with tetrahedral coordination and is a giant molecule 
(C) GeO,, SnO, and PbO, are all network solids with octahedral coordination 
(D) None appears correct 
Ans. (B)(C) 
SILICON (Si) 

Occurrence 
Silicon is the second most abundant (27.2%) element after oxygen (45.594) in the earth's crust. It does 
not occur free in nature but in the combined state, it occurs widely in form of silica and silicates. All 
mineral rocks, clays and soils are built of silicates of magnesium, aluminium, potassium or iron. Aluminium 
silicate is however the most common constituent of rocks and clays. 

Silica is found in the free state in sand, flint and quartz and in the combined state as silicates like 

(1) Feldspar — К.О. ALO,. 6510, 

(ii) Kaolinite - А1,О,. 2510,. 2H,O 

(ш) Asbestos — СаО. 3MgO. 4Si0, 
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Preparation 

(i) From silica (sand): Elemental silicon is obtained by the reduction of silica (SiO,,) with high purity coke in 
an electric furnace. 

SiO,(s) + 2C(s) —_ Частуе Si(s) + 2CO(g) 

(ii) From silicon tetrachloride (SiC1,) or silicon chloroform (SiHC1,) : Silicon of very high purity required for 
making semiconductors is obtained by reduction of highly purified silicon tetrachloride or silicon chloroform 
with dihydrogen followed by purification by zone refining. 

SiCl,(/) + 2H,(g)——> Si(s) + 4HCI(g) 
SiHCI,(s) + H,(g) —э Si(s) + 3HCI (g) 


Physical Properties : 
(i) Elemental silicon is very hard having diamond like structure. 
(ii) It has shining luster with a melting point of 1793 K and boiling point of about 3550 K. 


(ш) ^ Silicon exists in three isotopes, i.c. а Si, т Si and 45i but а Si is the most common isotope. 


Chemical Properties: 
Silicon is particularly unreactive at room temperature towards most of the elements except fluorine. 
Some important chemical reactions of silicon are discussed below. 
(i) Action of air : Silicon reacts with oxygen of air at 1173 K to form silicon dioxide and with nitrogen of 
air at 1673 K to form silicon nitride,. 
Si(s) + O,(g) _UBK_, Si0(s) 
Silicon dioxide 
3Si(s) + 2N,(g) 193K , Si,N,(s) 
Silicon nitride 


(ii) Action of steam : It is slowly attacked by steam when heated to redness liberating dihydrogen gas. 
Si(s) + 2H,O(g) _tedzess_, SiO,(s) +2H,(g) 


(ш) ^ Reaction with halogens: А burns spontaneously in fluorine gas at room temperature to form silicon 
tetrafluoride (SiF,). 
Si(s) + 2F,(g) Room Temperature_, SiF (Т) 
However, with other halogens, it combines at high temperatures forming tetrahalides. 


(iv) ^ Reaction with carbon : Silicon combines with carbon at 2500 °C forming silicon carbide (SiC) known 
as carborundum. 


Si(s) + C(s) 239€ , SiC(s) 
Carborundum is an extremely hard substance next only to diamond. It is mainly used as an abrasive and 


asa refractory material. 

USES: 

(1) Silicon is added to steel as such or more usually in form of ferrosilicon (an alloy of Fe and Si) to make it 
acid-resistant. 


(ii) High purity silicon is used as semiconductors in electronic devices such as transistors. 
(ш) ^ ltisusedin the preparation of alloys such as silicon-bronze, magnesium silicon bronze and ferrosilicon. 
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Compounds of Silicon : 


(1) Hydride 

Silane Si, H,,,, (SiH, & Si,H,) 

Only these two are found 

Higher molecules are not formed. *. Si can't show catanetion property 

Hot Mg + Si-vap—> Mg,Si —““s_, MgSO, + SiH, + Si, H, +... 
Ques. SiH, is more reactive than CH,. Explain 

Reasons 
@ — Si?'-H*ic*-mu* 

C - electro-ve than Н 
Si less electro-ve than Н 

So bond polarity is reversed when Nu attacks, it faces repulsion in C but not in Si 
(ii) Silicon is having vacant d orbital which is not in case of carbon 
(ш) Silicon is larger in size compared to С. By which the incoming Ми” doesn't face any steric hindrance to 

attack at Si whereas CH, is tightly held from all sides. 
(2) SiC (Carborundom) 
Preparation 

SiO, + 2C(coke) => Si + 2COT 

Si+C с» SiC diamond like structure colourless to yellow solid in room temp. 

4 
when impurity is present 

Properties 
(i) It is very hard and is used in cutting tools and abrassive powder (polishing material) 
(ii) It is very much inert 
(ш) ^ ltisnotbeingaffected by any acid except H,PO, 
(3) Silicones 

It is organo silicon polymer 

ССІ, + Н,О ——› no hydrolysis 

but ССІ, + H,O—> COCI, + 2НСІ 

super heated 


steam 
SiCl, + H,O—— Si(OH), + 4HCI 


Lia Si0,(3-D silicate) 


к Е R 
А,51С1,+Н,0 — сг R,Si(OH), rt -o-s -0-5i-0- -0- 
R 
Linear silicone 


о 


-H,0 | 
R,CCI, + H,O ансау? R,C(OH), ——— R-C-R 


Silicones may have the cyclic structure also having 3, 4, 5 and 6 nos. of silicon atoms within the ring. 
Alcohol analogue of silicon is known as silanol 


R R 
| | 
ов R-Si-O-Si-R 
RF OR о о 
Si, SPSi l, 5 
"74 93 SR R-Si-O-Si-R 
Vee R R 
cyclic silicone 
not planar 
R,Sicl 4° ,R,SiOH — R,Si-O-SiR, 
Silanol — 
R R 
н.о -H,0 | 


: ий... л 
КІСІ, +RSiCI ronse heating 
condensation 


This end of the chain can't be extended hence 
R,SiCl is called as chain stopping unit 
е Using R,SiCl ina certain proportion we can control the chain length of the polymer 


| | 
О к О 


| | | 
RSiCI, +Н,О—› R-Si(OH), —> R - Si-O-Si-O-Si-0- 
| | | 
о о R 
| | 


cross linked silicone 3 dimensional network 


It provides the crosslinking among the chain making the polymer more hard and hence controlling the 
proportion of RSiCI, we can control the hardness of polymer. 


Uses 
(1) It can be used as electrical insulator (due to inertness of Si-O-Si bonds) 
(2) Иіѕ used as water repellant (* surface is covered) eg. car polish, shoe polish, massonary works in 


buildings 
(3) It is used as antifoaming agent in sewage disposal, beer making and in cooking oil used to prepare potato 
chips. 


(4) Asa lubricant in the gear boxes. 


(4) Silica (SiO,) 


Occurrence: 
Silica or silicon dioxide occurs in nature in the free state as sand, quartz and flint and in the combined 
state as silicates like, Feldspar : К,О.АТ,О,.6510,, Kaolinite : Al,O,. 2510,. 2H,O etc. 
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PROPERTIES: 
(i) Pure silica is colourless, but sand is usually coloured yellow or brown due to the presence of ferric oxide 
as an impurity. 


(ii) Silicon dioxide is insoluble in water and all acids except hydrofluoric acid. 
SiO,(s) + 4HF(/)— SiF,() + 2H,O(/) 


(ш) ^ Italso combines with metallic oxides at high temperature giving silicates e.g. 
SiO, (s) + СаО(ѕ) —— CaSiO,(s) 


(iv) | Whensilicais heated strongly with metallic salts, silicates are formed and the volatile oxides are driven 
offas vapours. 
SiO, (s) + Na,CO,(s)  hi&ieme. , Na,SiO,(s) + CO,(g) 
510,(5) + Na,SO,(s) —hizhieme. , Na,Si0,(s) + SO,(g) 


3Si0,(s) + Са,(РО,),(5) __ ттр. 3CaSiO,(s) + Р,О,(р) 
The first two examples quoted here are important in glass making. 


Structures of Silica : 
Silica has a three-dimensional network structure. In silica, silicon is sp’-hybridized and is thus linked to 
four oxygen atoms and each oxygen atom is linked to two silicon atoms forming a three-dimensional 
giant molecule as shown in figure. This three-dimensional network structure imparts stability to SiO, 
crystal and hence a large amount of energy is required to break the crystal resulting in high melting point. 


| | | 
—Si—O—Si—O—Si— 


[e о о 
| | 
— 551—0 —51—0 — 51 — 
| 


| | 
—Si—O—Si—O—Si— 
| | | 


Uses : 
(i) Sand is used in large quantities to make mortar and cement. 


(1) Being transparent to ultraviolet light, large crystal of quartz are used for making lenses for optical instruments 
and for controlling the frequency of radio-transmitters. 


(m) Powdered quartz is used for making silica bricks. 


(iv) Silica gel (SiO,.XH,O) is used as a desiccant (for absorbing moisture) and as an adsorbent in 
chromatography. 
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Illustration 


Insilicon dioxide 


(A) Each silicon atom is surrounded by four oxygen atoms and cach oxygen atom is bonded to two 


silicon atoms 


(В) Each silicon atom is surrounded by two oxygen atoms and each oxygen atom is bounded to two 


silicon atoms 
(C) Silicon atom is bonded to two oxygen atoms 
(D) There are double bonds between silicon and oxygen atoms 


Ans. (A) 
m. 
Sol. E IRE uad 
i | 
Exercise 
1. Which is/are true statement(s) about silicones ? 


(A) They are repeating units (SiO, ) in silicates 

(B) They are synthetic polymers containing repeated R,SiO, units 
(C) They are formed by hydrolysis of R,SiCl, units 

(D) None is correct 


Ans. (В), (С) 


ТІМ & ITS COMPOUND 


(i) 


(i) 


fie es SnO, [Burns with а bright flame] 


S.A 
SnS, 
— No reaction 
Sn+ эй GN S SnO, + 2H, 
Reaction with acid. 


f Due to nonoxidisingl 


reaction is very slow = 
{зп nature 


Sn+2HCl—SnC1,+H)* 

dissolve Sn Slowly forming SnSO,+11,7 
Sn*4H,S0,—9Sn(SO,),*280,*4H.,0 

4Sn* 10HNO ——954S0/NO;);* NH,NO;*3H,0 


5Sn420HNO ,—5H,Sn4O, ; 4H,0+20NO,+5H,0 
Metastannic acid 
A 
SnO; 


23 
(iv) | Sn+2NaOH + H,O —> Na,SnO, + 2H,Î. 


or 
KOH [In absence of air Na,SnO, forms and in contact with air it readity converts into Na,SnO,] 
4. lo, 100°C 

Oxides: SnO; (White) <“““— Sn + О, 

SnO (grey) / 

& SnO, (white) SnC,0, Е ge SnO (grey) + CO + ah H;Sn,O,,.4H,0 
contactof 
эк | absence of air) 


SnCl, “S++ Sn(OH), 


Both are amphoteric in nature : 
SnO + H,SO, —» SnSO, + H,O 
SnO + 2HCI —9 SnCl, + H,O 
SnO + 2NaOH or KOH __‹/4_, Na,SnO, or K,SnO, +H,O 
But conc. hot alkali behaves differently. 
2SnO + 2КОН or NaOH —— K,SnO, or Na,SnO, + Sn + H,O 
* Bi(OH), + [Sn(OH),]- —> Bi p [Sn(OH X 
(black) 
SnO, + 2H,SO, * , Sn(SO,), + 2H,O 
(Soluble only in hot conc. H,SO,) 
SnO,* 2NaOH —> Na,SnO, + H,O 


SnCl, & SnCl, : 
(1) Sn+2HCl (hot conc.) —> SnCl, +H, T 


SnCl,.2H,O —4_, Sn(OH)CI + НСІ t+ Н,О? = Hence anh. SnCl, cannot be obtained. 
i 


SnO + НСІ 7 
{SnCl, +4H,O—— Sn(OH), + 4HCIT fumes comes out} 


(2 _ Apiece of Sn is always added to preserve a solution of SnCl,. Explain. 
6SnCl, + 2H,O * O, —9 25пС1, + 4Sn(OH)CWL (white ppt) 
SnCl, +Sn—> 2SnCl, 


SnCl, + 4H,0—— Sn(OH),t (white ppt.) + 4HCI 


(3) SnCl, +HCI—> HSnCI, — Н y H.SnCl, 


Chlorostannous acid 


SnCl, + 2HCl —» H,SnCI,(Hexachloro stannic (IV) acid) 
SnCl,* 2NH,CI —9 (NH,), SnCI, (colourless crystalline compound known as" pink salt") 


(4) Red Prop. of SnCl, : 
Sn? + 2Fe? — 2Fe? + Snt? 
2Cu"? + Sn ? —5 2Cu* + Sn? 
Hg? + Sn? —— Hg 1 *Sn^* 
PhNO, + SnCl, / HCI —9 РАМН, + Sn“ 
K;Cr,O, + SnCl, + HCI—> Cr? + Sn'* + KCI + H,O 


(5) Readily combines with |, => SnCLL => This reaction is used to estimate tin. 


Formation of SnCl 4: 


(i) Sn + Cl, (Excess) —»5 SnCl, (i)  2HgCl,+SnCl,—> 2Hg 4 + SnCl, 
(molten) (dry) 7 7 


(ii) 5п+Ад. rigia—- SnCl,+NO+H,O 


е SnCl,. 5Н,О is known as butter of tin = used as mordant. 
(NH,), SnCl, is known as 'pink salt’ = used as calico printing. 
Mosaic gold : SnS, yellow crystalline substance : 
Sn + 4NH,CI —9 (NH,), SnCl, + 2NH, + H, 
2(NH,), SnCl, + 25 —9 SnS, + 2NH,CI + (NH,),SnCl, 


* Distinction of Sn? / Sn**: 
(i) H,S (ii) Hg"? (iii) Fe"? + K [Fe(CN),] —*—+ Blue ppt. 
Illustration 
1. Which of the following statements is not true - 
(A)SnCIl, is ionic solid (B)SnCl, is reducing in nature 
(C) SnCl, is reducing in nature (D) SnCl, is covalent liquid 
Ans. (B) 


Sol. Sn‘? is more stable than Sn? 


Exercise 


1. When ten is boiled with alkali solution, the product is — 
(A)SnO, (B) Sn (OH), (C) Sn (OH), (D*) SnO,?- 
Ans. (D) 


COMPOUNDS OF LEAD 


Oxides of lead : 
(i) PbO (ii) Pb,O, (Red) 
(iii) Pb,O, (reddish yellow) (Sesquioxide) (iv) PbO, (dark brown) 


y Yellow (Massico) SSS Litharge 
PbO 


(1) 
N — Reddish yellow (litharge) 
Laboratory Prep". : 
Pb(NO,), —> 2PbO + 4NO, + О, s 
above 600°C PbO. hot oxide > 
d eam > end to Pbby Ж. Pb + 11,0 
ЖА. H, or C. C 
"0, ~ Pb + CO 


Preparation of Pb,O, : 
2PbO + NaOCl —> Pb,0, + NaCl 
hot sol" . amount 
of it in NaOH 
Pb.O, + 2HNO, —> PbO, У + Pb(NO,), + H,O 
This reaction suggests that PÊ „О; contains PbO,. 


О) — Pb,O,:6PbO +0, CC 2Pb,O, (In the same way, prove that its formula is 2PbO. PbO) 
Pb,O, + 4HNO, (cold.conc) or (hot dil.) —> 2Pb(NO,), + PbO, + 2H,O 


But  2Pb,O, + 6H,SO, —* ,6PbSO, + 6H,O + О, 
Pb,O, +8HCi—> ЗРЪСІ, +4H, O * Cl, 


(3) PbO, : Insoluble in water. HNO,, But reacts with HCI  H5SO ,(hotconc.) and in hot NaOH / KOH. 
(i) Pb.O, + 4HNO, —2Pb(NO, ), + PbO, + 2H ,Ó 
(ii) Pb(OAc), +Ca OCICI +H Di PbO, [Brown(dark)] + CaCl, + 2CH,CO,H 


Excess bleaching powder 
is being removed by stirring with 
HNO, 
Reaction: — PbO, + 4HCI —9 PbCI, + СІ, +2H,O 
2PbO, + 2H,SO, —*— 2PbSO, + 2Н,0 + О, 
PbO, + 2NaOH EA Na,PbO, + H,O 
PbO, : Powerful oxidising agent : 
(i) PbO, + SO, ——> PbSO, [spontaneously] 
(ii) PbO, B 2HNO, + (COOH), —> Pb(NO,),+ 2CO, + 2H,O 
(ш) 2Mn(NO, ) + 5РЬО, + 6HNO, —— 3Pb(NO,), + 2PbSO, ++ 2HMnO, + 2Н,О 
PbCI,: Exists as H.[PbCI.] 
PbO, + 4HCI —9 PbCI, + 2H,O 
tice cold conc. saturated with Cl, } 
PbCI, + 2HCI —9 H,PbCI, 
TetraEthyl lead : 4Na-Pb(alloy 10%-Ма.) + 4C,H;Cl(vap.) — 3Pb + Pb(Et), + 4NaCI 
Itis antiknocking agent. 


Illustration 


1. PbF " PbCI, exist but PbBr, and Pbl 4 do not exist because of- 


(A) Large sizeof Br апа (B) Strong oxidising character of Pb** 
(C) Strong reducing character of Pb** (D) Low electronegativityof Br апа 
Ans. (C) 


Sol Due to the inert pair effect Pb? is more stable than Pb‘ but F & Cl act asa oxidant so РБЕ, & РЬСІ, 
exist. L& Br act as a reducing agent so PbBr, and РЫ, do not exist. 


Exercise 
1. Sindoor used by women is an oxide of lead with the formula— 
(A) PbO (B) PbO, (C) Pb,O, (D) Pb,O, 


Ans. (C) 
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Q.1 


Ans. 
Sol. 


9.2 


Ans. 
Sol. 


Q3 


Ans. 
Sol. 


QA 


Ans. 
Sol. 


Q.5 


Sol. 


SOLVED EXAMPLE 


Choose the correct order of extent of polymerization is 

(А) SiO} > POT > CIO; » SOT (B) PO} »CIO; > SO? > 5102 
(C) SiO? » SO? > CIO; > PO? (D) SiO? > PO; » SO; > СІЮ; 
(D) 


A extent of double bond formation of M—O bond increases due to which extent of polymerization 
reduces. 


Group 13 elements exhibit 

(A) Only + 3 oxidation state (B) Only + 1 oxidation state 

(C) Both + | and + 3 oxidation states (D) *1, *2 and *3 oxidation states. 
(С) 


As there are electrons in the valence shell of group 13 elements they show + 3 oxidation state. Also in 
case of heavier members, due to inert pair effect, +1 oxidation state is most stable. 


Boron compounds behave as Lewis acids because of their 


(A) Acidic nature (B) Covalent nature 

(C) Electron deficient character (D) Ionization property 

(С) 

Boron compounds are electron deficient and therefore, behave as Lewis acids. 
Moissan boron is 

(А) Amorphous boron of ultra purity (B) Crystalline boron of ultra purity 
(C) Amorphous boron of low purity (D) Crystalline boron of low purity 
(С) 


Moissan boron is amorphous boron, obtained by reduction of B,O, with Na or Mg. It has 95-98% 
boron and is black in colour. 


Both boron and aluminium show difference in properties from the remaining members of group 13. This 
is because 

(A) Both В and Al have smaller size as compared to other members of the family. 

(B) Both B and Al have high values of ionization energy 

(C) Both В and Al have only the valence electrons (ns2 np1) outside the noble gas core while the 
remaining elements have filled d and f-orbitals in between the noble gas core and the valence electrons 
(D) None of the above. 

(С) 

The difference in properties of B and Al from the remaining members of group 13 ts due to the difference 
in their electronic configuration as stated. 


Aluminothermy used for on the spot welding of large iron structures is based upon the fact that 

(A) As compared to iron, aluminium has greater affinity for oxygen 

(В) As compared to aluminium, iron has greater affinity for oxygen 

(C) Reaction between aluminium and oxygen is endothermic 

(D) Reaction between iron and oxygen is endothermic 

(A) 

Alis more clectropositive and has greater affinity for oxygen than iron. This fact is made use of in 


aluminothermy. 


Q7 


Ans. 


Sol. 


Q.8 


Ans. 
Sol. 


Q.9 


Ans. 
Sol. 


27 


Aluminium chloride exists as a 

(A) Monomer (B) Dimer (C) Timer (D) Polymer 
(В) 

AICI, is electron deficient. Al completes its octet by forming a dimer AL,CI,. 


Which property is not exhibited by carbon in its compounds ? 
(A) Forming bonds to other carbon atoms 

(B) Forming multiple bonds 

(C) Exhibiting allotropic forms 

(D) Forming compounds with coordination number beyond four. 
(D) 


Carbon cannot expand its coordination number beyond four due to the absence of d-orbitals. 


A solid element (symbol Y ) conducts electricity and forms two chlorides Y CIn (a colourless volatile 
liquid) and YCIn-2 (a colourless solid). To which one ofthe following groups ofthe periodic table does 
Y bclong? 

(A) 13 (B)14 (C) 15 (D)16 

(B) 

Element Y belongs to group 14 of the periodic table which forms two chlorides ҮСІ, (a colourless, 
volatile liquid) and ҮСІ, (a colourless solid). 


Saved /storage/emulated/0/Pictures/TouchShot/ 


20170808 _ 231543. 


* ane 


THERMODYNAMICS 


INTRODUCTION 


The study of energy transformations is the subject matter of thermodynamics. Various forms of energy 
are interrelated and under certain conditions, these may be transformed from one form into another. Ina 
chemical reactions, energy stored by molecules can be released as heat. The chemical energy may also 
be used to do mechanical work when a fuel burns in an engine. 


The laws of thermodynamics can be applied with energy changes of macroscopic systems involving a 
large number of molecules rather than microscopic systems containing a few molecules. More ever 
thermodynamics is not concerned about how and at what rate these energy transformations are carried 
out, but is based on initial and final states of a system undergoing the change. 


Objectives and limitations of thermodynamics : 

Objectives : 

Interrelate various energy changes during physical or chemical transformation. 

Predict the feasibility of given change. 

Deduce various laws, e.g. phase rule, distribution law, law of mass action etc. thermodynamically. 
Derive at what conditions, the equilibrium is attained by a change. 


Limitations : 

It's laws are valid for bulk of matter and does not provide information about individual atom. 
It predicts feasibility of reaction but fails to suggest rate of reaction. 

It fails to explain the systems which are not in equilibrium. 


SOME BASIC TERMS 


— 
. 


System 

A specified part of the universe with real or imaginary boundaries, on 
which studies of P, T etc are to be made. 

A room, an engine human body etc. are examples of system. 


Boundary 


Surrounding 


Surrounding 
The rest part of the universe, adjacent to real or imaginary boundaries ofthe system . 
Universe = System + Surrounding 


Note : For practical purpose, surrounding means immediate surrounding rather than universe. For example 
in Lab experiment the room is considered as surrounding. 


(А) 


(В) 


Types of system 
Based on exchange of mass and energy 


(0) Isolated system : A system is said to be isolated if it cannot exchange matter and energy with 
the surroundings. Example : coffee in a thermos flask. 

(ii) Closed system : A system is said to be closed if it can exchange energy but not matter. Example: 
Coffee in a closed stainless steel flask. 

(iii) Open system : A system is said to be open if it can exchange matter. Example : A thermos flask 
ora steel flask if not closed. 

Based on system composition 

(i) Homogeneous systems : A system having uniform nature throughout, made up of one phase 


only 


(ii) Heterogeneous system : Asystem not uniform throughout, consists of more than one phase. 


PROPERTIES OF A SYSTEM 


The state of a system is defined by a particular set of its measurable quantities called properties, by 
which a system can be described for example, Temperature (T). Pressure (P) and volume (V) defines 
the thermodynamics state of the system in the same way, as particle co-ordinate is defined by (x, y, z) 
co-ordinate in physics. Properties can be categorised into extensive and intensive properties , on the 
basis of dependance of system size or mass. 

Intensive property is one whose value is independent of the size (or mass) ofthe system. 

Extensive property is one whose value depends on the size (or mass) of the system. 


Intensive & Extensive properties 


l. 


2. 
3. 


Extensive properties are additive but intensive properties are non additive. 

Ratio of two extensive property gives an intensive property. 

An extensive property can be converted into intensive property by defining it per mole/ per gram/ per 
litre. 


Extensive Properties Intensive Properties 


Volume Molar volume 
Number of moles Density 

Mass Refractive index 
Free Energy (G) Surface tension 


Entropy (S) Viscosity 

Enthalpy (H) Free energy per mole 
Internal energy (E & U) Specific heat 

Heat capacity Pressure 


Temperature 


Boiling point, freezing point etc 


Exercise 


Ans. 


Select the intensive and extensive properties from the following : 
Entropy, specific entropy, triple point of water , volume of gas, pressure 
Intensive property : Specific entropy, triple point of water, pressure, 
Extensive property : Entropy, 


(A) 


A function may be state or path function depending on the dependence on path of the process or the end 
state. 


State function or State variable : Variables like P, V , T are State Functions or State Variables 
because their values depend only on the present state of a system and not on how the state was reached. 


Mathematical Condition for a function to be a state function : 
There are three conditions that must be satisfied simultaneously for a function to be state function. 
(i) If is a state function 


B 
[4% -$.— 6, 
A 


It means change in ф depends only on end states and not on the path which it followed during the 
process. 


(ii) If isa state function 
{4 =0 


It implies, in cyclic integral as the end states are same, so Аф value will be zero. 


(iii) If = f(x, y) is a state function, Euler's reciprocity theorem must be satisfied. 


2] -af8)] 


Path function 


Functions which depend on the path means how the process is carried out to reach a state from another 
state depends on path e.g. work & heat. 


State function : Pressure, volume, temperature, Gibb's free energy, internal energy, entropy 


Path function : Work, Heat, Loss of energy due to friction 


Note : S, U, H, V, T etc are state function but AS, AU, AH, AV, AT, etc. are not state function. In 
fact Aterms are not function itself and it is very misleading and frequently asked in the exams. 


4 
Illustration 

. - nRT 
1. Show that pressure of a fixed amount of an ideal gas is a state function V = P 


BE 


Exercise 


1. Show that Volume ofa fixed amount of an ideal gas is a state function. 


THERMODYNAMIC PROCESS 


The change of thermodynamic state from one condition to another condition is called thermodynamic 


„а State (2) 


State (1) 


process. 


x and y are thermodynamic co-ordinate 
eg. P. T, V, S, О etc. 


(1) Reversible and Irreversible process 
A process which is carried out so slowly that the system and the surroundings are always in equilibrium 
during the process is known as a Reversible Process (quasi-static). If this condition does not hold 
good, the process is said to be, Irreversible. 
Ina reversible process the driving force is infinitesimally larger than the opposing force. 


A reversible process in very slow and takes infinite time. Where as an irreversible process completes in 
finite time. 


(2) 


(3) 


Note : 


This thermodynamic reversible process is different from the “reversible reactions”. The term 
“Reversible reaction” only indicates that the reaction proceeds in both the directions. 


A process which proceeds without any external help is called a spontaneous process. 


All the real process are irreversible process 


Reversible process irreversible process 


Reversible process Irreversible process 


Driving force is infinitesimally small. Driving force is large and finite. PV 
PV work is done across pressure work is done across pressure 
difference dp difference AP 

A reversible heat transfer take place Irreversible heat transfer take place 
across temperature difference dT across difference AT 

It is an ideal process. It is a real process 

It takes infinite time for completion It takes finite time for completion 
of process. of process. 

It is an imaginary process and can It is a natural process and occurs 


not be realised in actual practice. in particular direction under given 
set of conditions. 


Throughout the process, the system The system is far away from state of 
remain infinetesimelly closer to state equilibrium and exact path of process 
of equilibrium and exact path of can not be defined as different part 


process can be drawn ofthe system are under different 


conditions 


Isothermal Process 

(1) A process in which temperature ofthe system does not change throughout the studies. 
(i) ^ dT-0 

(id) ^ Itcanbeachieved by using thermostatic process. 


Adiabatic Process 
(1) A process in which exchange of heat between system and surrounding does not take place. 
Ш = q-0 


(ш) ^ Itcanbeachieved by insulating the system boundaries for heat transfer. 


(6) 


(7) 


Cyclic Process 


(ї) A process in which initial state of system is same after a series of operation 

(ii) For a cyclic process AE = 0 and AH = 0 

Isochoric Process 

(1) A process in which volume of the system remains constant throughout, the process. 
(1) For an Isochoric process AV = 0 

Isobaric process 

(i) A process in which pressure of the system remains constant throughout the process. 


(il) Means AP=0 
Equilibrium : It is defined as when there is no change in thermodynamic property (P, V, T etc) of system 
with time. 


TYPES OF EQUILIBRIUM 


System and surrounding equilibrium condition is considered in three broader terms : 
Thermal equilibrium : Equality of temperature between system and surrounding 
Mechanical equilibrium : Equality of pressure between system and surrounding 


Material equilibrium : No. of moles of every substance in a definite phase remains constant with 
respect to time. Attained in closed vessel. 


(a) Physical or phase equilibrium : Only physical changes are involved. 
eg. А(5) <> A() 
A(s) —SA(g) 
А() <=> А(8) 
(b) Chemical equilibrium: N, (g) + ЗН, (е) ==> 2NH, (g) 
PCI,(g) «=> PCI,(g) + CL(g) 


In thermodynamics to deal with energy change during interaction of system and surrounding 
understanding of work (WV) heat (Q, q ) and internal energy (U,E) is very important. 


WORK 


Energy that is transmitted from one system to another in such a way that difference of temperature is not 
directly involved. This definition is consistent with our understanding of work as dw = Fdx. The force F 
can arise from electrical, magnetic, gravitational & other sources. It is a path function. 


Note : Litre atmosphere term is unit of energy. It is useful to remember the conversion ; I litre atm 
= 101.3 Joules = 24.206 Cal. 


PV- Work analysis : Consider a cylinder fitted with a frictionless piston, which enclosed no more 
ofan ideal gas. Let an external force F pushes the piston inside producing displacement in piston. 
Let distance of piston from a fixed point is x and distance of bottom of piston st the same fixed 
point is £. This means the volume of cylinder = (£ - x) A where A is area of cross section of piston. 


For a small displacement dx due to force F, work done on the system. 


dw = F.dx 
Alo F-PA 
dW = PA.dx 
У = (£ — х)А 
=> Яу =-А. х => o dW--PRQ dV 


у, 
5 Wey == |в.,4У 


Note : During expansion dV is positive and hence sign of w is negative since work is done 
by the system and negative sign representing decease in energy content of system, During 
compression, the sign of dV is negative which gives positive value of w representing the 
increase in energy content of system during compression. 


Illustration 


1. 


Sol. 


2. 


Sol. 


Find the work done when 18 ml of water is getting vapourised at 373 K is open vessel 
(Assume the ideal behaviour of water vapour.) 


PV = nRT [V in litre and T in Kelvin] 
PV = 1 х 0.0821 x 373 
PV = 30 litre 
V = 30 litre 
W = – PAV 
= = 1 (30 V.) [18 ml is negligible as compared to 30 litre] 


=- | x 30 = — 30 litre atm. 


Calculate work done for the expansion ofa substance from 3m? to Sm? against. 


Constant pressure = 10°Pa 
W--105x22-2x 10°] 
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Exercise 
1. Find the work done in each case : 


(a) When one mole of ideal gas in 10 litre container at 1 atm, is allowed to enter a vaccuated 
bulb of capacity 100 litre. 


(b) When | mole of gas expands from 1 litre to 5 litre against constant atmospheric pressure. 
Ans. (a) W = -PAV 
But since gas enters the vacuum bulb and pressure in vacuums zero. This type of 
expansion is called free expansion and work done is zero. 
Note :- Work done in free expansion is always zero. 
(b) W = -PAV = -1 (5 — 1) = — 4 litre-atm. 


HEAT 


Heat is defined as the energy that flow into or out ofa system because ofa difference in temperature 
between the thermodynamic system and its surrounding. 


According to IUPAC convention heat given by system is expressed with -ve sign heat given to system is 
expressed with +ve sign. 

(1) q, =пС ат (for constant volume process) 

(ii) q e nC dT (for constant pressure process) 

(ii) C, — Cm = Е 

(iv) C, & C, depends on temperature even for an ideal gas.( C =a+bT cT? .....) 

(v) Itis a path function 


C, C, are heat capacity of system and C, ms Cpm are heat capacity of one mole system at constant 
volume and pressure respectively. 


INTERNAL ENERGY (E & U) 


Every system having some quantity of matter is associated with a definite amount of energy, called 
internal energy. Internal energy is stored in different forms inside the molecule. 


U= Uxinctic + U potential ж Urtcctronic + Чыл +. 

Note : 

1. Uisa state function & is an extensive property. 
AU = Ug, 7 Чаа 

E It does not include kinetic energy of motion of system as a whole or its potential energy due to its 
position. 

5; AE = qy, heat supplied to a gas at constant volume, since all the heat supplied goes to 


increase the internal energy of the gas. 


4. For a given system, if U isa function of T and Volume : 
U=f(T, V) 


dU - C, . dT 
AU - [C,.dT 


6. For an ideal gas, change in internal energy with change in volume at constant temperature is zero. 


Le. 


OE 
OV Jr 
dU - C, . dT 


AU = [C,.dT 


Internal energy is stored in the molecular motion and capacity to store energy depends upon 
degree of freedom of molecules 


DEGREE OF FREEDOM AND EQUIPARTITION PRINCIPLE 


According to Law of equipartition of energy 


(1) each translation and rotational degree of freedom in a molecule contributes 1/2 RT to the thermal 
energy of one mole of a gas, and 


(ii) each vibrational degree of freedom in a molecule contributes RT to the thermal energy of one 
mole of à gas. 


The degree of freedom in a molecule are given by the number of coordinates required to locate 
all the mass points (atoms) in a molecule. If a molecule contains only one atom (as in a monatomic 
gas), it has three degree of freedom corresponding to translational motion in the three independent 
spatial directions X, Y and Z. If a molecule contain N atoms, each atom contributes these three 
degree of freedom, so the molecule has a total of 3N degree of freedom. Since three coordinates 
(degree of freedom) are required to represent the translational motion of the molecule, the remaining 
(3N – 3) coordinates represent what аге called the internal degree of freedom. If the molecules 
is linear, it has two rotational degrees of freedom ; for a non-linear molecule, there are three rotational 
degree of freedom. The remaining degrees of freedom, that is 3N — 5 for linear and 3N - 6 for 
non-linear molecules are the vibrational degree of freedom. Table list the degrees of freedom for 
several molecular system. 


— Ds. - 
| Екамь | ib Incl. Vib Exch. Vib Incl. Vib Excl.Vib С Vib 


Ina monatomic molecule E = 3RT/2 is in agreement with the simple model. For a diatomic molecule, 
there are three translational, two rotational (because the molecule is linear) and One vibrational 
degree of freedom making a total of six. The thermal energy per mole. 


E 1 1 
Е = (5 ат) _ + E RT) - (IRT) ib 


and С = 3R/2 +R +R = 7R2 = 7 caldeg'mol! 


Table shows that the observed of Cy for diatomic deviate greatly from the predicted values. The 
fact that the observed values of 5 cal deg"! mol! (which is close to 5R/2) is most common for 
simple diatomic molecules shows that vibration degree of freedom are active only at very high 
temperature. The following graph shows. 


Trascdataon, rocation 


and vibración 
$ 
ES “+e ee =.. 


Variation of heat capacity at constant volume of a di atomic 
gas due to excitation of rotational and vibrational levels. 


Note : Variation of Cy with temperature highlights the fact that with increase in the temperature 
the vibration modes of motion also contribute to the heat capacity 


Adiabatic exponent : Adiabatic exponent (y) fora mixture of gas with different heat capacity is defined 
as: 


where n,, n а. are moles of different gases. 
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Illustration 


Calculate change in intemal energy of 10 gm of H, , when it's state is changed from (300K, 1 Atm) to 
(500 K, 2 Atm) 


Sol Forideal gas 
10)\{ 5 
AU=nCv(T, - T) - | 5 J| 58 (500-300) = 2500 R = 5 Kcal 
Cv for H, (diatomic) in low temperature range will be 5R as vibrational part is not included. 
2. Calculate change in internal energy for a gas under going from state-I 
(300 K, 2 x 1072 m?) to state-II (400 К, 4 x 10? m?) for one mol. of vanderwaal gas. 
[C, 7 12 УК / mol] 
ома: 29 (=) T 
OV Дд eT A 
C, = 12 J'k/mol 
а= 2 J.m./mo? } 
А E u 1 i 1 
Sol. AU=C,(T,-T,)+a У Vb = C, (100) * a al* 10° =12x 100 *2 2) х 100 = 1250 
Ехеғсіѕе 
1. Calculate change in internal energy of CO, fortwo mole, iftemperature change is 100 К in very high 
temperature range. 
13R 
Ans. 2х 100 —— = 1300 К 


(CO, is triatomic linear molecule) 


FIRST LAWS OF THERMODYNAMICS 


Laws of thermodynamic are deduced from experimental observation with logical reasons. There are 
four laws : 


Zeroth law of thermodynamics : It is bases on thermal equation two system in thermal equation with 
a 3rd system are also in thermal equation with each other. 


nN 
f» 


2. First law of Thermodynamics 
"Total energy of universe remain constant.” It is law of conservation of energy. 
Let us consider a system whose internal energy is U ,. Ifthe system is supplied with heat q, the internal 
energy of the system increases to U, + q. If work (w) is now done on the system, the internal energy in 
the final state of the system, U, is given by 
U,=U,+q+w 
or U,-U,=q+w 
AU-q-*w, 
According to IUPAC , heat, added to the system and work done on the system are assigned positive 
values as both these modes increase the internal energy of the system. 
Illustration 
Í; The pressure ofa fluid is a linear function of volume (Р =a +bV)and the internal energy of the fluid is 
U = 34 + 3PV (S.I. units). Find a, b, w, AE and q for change in state from (100 Pa, 3m?) to 
(400 Pa, 6m?) 
Sol. = [pav (100 = a + 3b; 400 =a + 6b ; а= 200 & b = 100) 
M 
К bv? i 
‚=- | (a+bV)dV - deve = | 
ү = M 
= — [600 + 13.5 x 100] = —750 
AU = 6300 
Exercise 
1. One mole of an ideal gas expands from state-I (1 Atm, 20 litre) to (2 Atm, 10 litre) isothermally. 
Calculate , w & AU. 
у, V, 
Ans. AU-0, W--nRTIn| y | 7 P,V, In| y | =-20 In2=— 14 lit-atm 
i I 
ENTHALPY 


Enthalpy is a measure of the total energy ofa thermodynamic system. It includes the internal energy, 
which is the energy required to create a system, and the amount of energy required to make space for it 
by displacing its environment and establishing its volume and pressure. 
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The enthalpy of a system is defined as: 
H=U+PV 
50 
dH = dU + (РУ) 
where 
H is the enthalpy of the system 
Uis the internal energy of the system 
P is the pressure at the boundary of the system and its environment 
V is the volume of the system. 


Note that the U term is equivalent to the energy required to create the system, and that the PV term is 
equivalent to the energy that would be required to "make space" for the system if the pressure of the 
environment remained constant. 


Property of Enthalpy parameter 


1; 


Enthalpy is a thermodynamic potential. It is a state function and an extensive quantity. 


The total enthalpy, (absolute value) Н, ofa system cannot be measured directly. Thus, change in enthalpy, 
AH, is a more useful quantity than its absolute value. 


The unit of measurement for enthalpy (SI) is joule. 


The enthalpy is the preferred expression of system energy changes in many chemical and physical 
measurements, because it simplifies certain descriptions of energy transfer. This is because a change in 
enthalpy takes account of energy transferred to the environment through the expansion of the system 
under study. 


The change AH is positive in endothermic reactions, and negative in exothermic processes. AH ofa 
system is equal to the sum of non-mechanical work done on it and the heat supplied to it. 


For quasistatic processes under constant pressure, AH is equal to the change in the intemal energy of the 
system, plus the work that the system has done on its surroundings. This means that the change in 
enthalpy under such conditions is the heat absorbed (or released) by a chemical reaction. 


Chemical reactions are generally carried out at constant pressure (atmospheric pressure) so it has been 
found useful to define a new state function Enthalpy (Н) as : 


H=U+PV 

AH = AU + A(PV) 
at constant pressure 

AH = AU+P AV 


combining with first law. 
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(A) 


(B) 


Note : 


Transfer of heat at constant volume brings about a change in the internal energy of the system whereas 
that at constant pressure brings about a change in the enthalpy of the system. 


Fora given system 
H=f(T, P) 


(ат), теа) 
ан = aT + 2р E 


For isobaric process : аР = 0 


dH - C, . dT 
AH =Í Cp dT 


For an ideal gas, change in enthalpy at constant temperature with change in pressure is zero. 


i.e. 


жы, 
op), = dH-C,.dT => AH - [C,.dT 


Relationship between AH & AU : The difference between AH & AU becomes significant only when 
gases are involved (insignificant in solids and liquids) 
AH = AU + A(PV) 
If substance is not undergoing chemical reaction or phase change. 
AH = AU + nRAT 
In case of chemical reaction 
AH = AU + (An,)RT 


Difference between enthalpy and internal energy : Chemists routinely use H as the energy of the 
system, but the pV term Is not stored in the system, but rather in the surroundings, such as the atmosphere. 
When а system, for example, n mole ofa gas of volume V at pressure P and temperature T, is created 
or brought to its present state from absolute zero, energy must be supplied equal to its internal energy U 
plus pV, where pV is the work done in pushing against the ambient (atmospheric) pressure. This additional 
energy is, therefore, stored in the surroundings and can be recovered when the system collapses back to 
its initial state. In basic chemistry scientists are typically interested in experiments conducted at atmospheric 
pressure, and for reaction energy calculations they care about the total energy in such conditions, and 
therefore typically need to use H. In basic physics and thermodynamics. It may be more interesting to 
study the internal properties of the system and therefore the internal energy is used. 
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Illustration 


I mole ofa real gas is subjected to a process from (2 bar, 40 lit., 300K) to (4 bar, 30 lit., 400 K). If 
change in internal energy is 20 kJ then calculate enthalpy change for the process. 


Sol. AH = AU + A(PV) 

A(PV) = P,V,—P,V, =4 x 30-2 x 40 = 40 /- bar =4 kJ 

AH = 20+4=24 
Exercise 
1. 1150 kcal heat is released when following reaction is carried out at constant volume 27°C 

C-H (£) + ПО (е) + 7CO,(g) + 8Н,0(/) 

Find the heat change at const. pressure. 
Ans. -11524 KCal 
(C) Change in internal energy and enthalpy in phase transition :- At certain temperature under 


one atmospheric pressure, one phase change into other phase by taking certain amount of Heat. 
The temperature at which this happens is called transition temperature and heat absorbed during 
the process is called Enthalpy of phase transition. Heat absorbed during transition is exchanged at 
constant pressure and temperature and it is significant to know that the process is reversible. 


Fusion :- Solid ice at 273 K and | atm pressure reversibly changes into liquid water. Reversibly, 
isothermally and isobarically, absorbed heat is knows as latent heat of fusion or enthalpy of fusion. 


Vaporisation :- Water at 373K and | atm pressure changes into vapors absorbed heat is known 
as latent heat of vaporisation. The latent heat of vaporisation is heat exchanged isothermally, 
isobarically and reversibly to convert water into its vapour at boiling point. 


Internal energy change of phase transitions involving gas phase has no practical significance because 
it is not possible to carry out AU of phase transition directly through an experiment. However AU 
of phase transition can be determined theoretically from experimentally obtained value of AH of phase 
transition. 


HO(/) + H,O%g) 
AH porisation = AU, sporisation + P (V 2 Vi) 
AH, ыле i AU piim - (RT/Vj {Ур} 


Ignore volume of liquid as it is very less compared to gas under normal pressure. 
= АН... = АП + RT 


vap. уар. 
where R is gas constant апа T absolute temperature for condensed phase transitions for solid liquid 
transitions 
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CALCULATION OF WORK DONE IN VARIOUS PROCESS 


1. Isothermal process : In isothermal process, work done сап be calculated as 
M 
w--|PdV 


Since dT=0 => dU = 0 for an ideal gas 


from P! law q = —w 
(^)  Ifprocessis reversible 


У, 
tn №2. 
W= -nRT /n V, 


(B) Irreversible isothermal expansion : If external pressure over the piston is abruptly changed from 
the equilibrium value, the mechanical equilibrium of system is disturbed and piston rushes out : 
This type of Р.У work is irreversible P. V work. To calculate irreversible P. V work. Law of 
conservation of energy is used. Suppose as a result of difference in pressure a piston moves out 
and acquire kinetic energy АКЕ and in the process volume increase by AV then м; ^ P. AV- 
AKE. 
If after sufficient times piston come back to equilibrium state (off course in the process it moves 
up and down from equilibrium position many times), АКЕ - 0 : All the acquired kinetic energy is 
transferred back to ideal gas. 


Pressure ——9 
75 


V, Volume ——» V; 


(C)  Irreversible isothermal expansion and compression (Many steps) 


Consider an irreversible expansion of an ideal gas from initial pressure P, to final pressure P, in 
four steps. The gas is allowed to expand against constant external pressure of P}, P5, P} and P, 
and finally Р. Hence the system passes on to final state through four equilibrium states. The work 
done in the process is shown graphically. The area under the isotherm is the magnitude of reversible 
work. Clearly the magnitude of reversible work of expansion is greater than irreversible work. As 
the number of intermediate steps in irreversible expansion is increased, the magnitude of work 
increases, and as number of steps tend to infinity w; tends to w,.... The graphical comparison of 
irreversible and reversible work is shown in fig. 
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(D) Free expansion of ideal gas : When ideal gas is allowed to expand against zero external pressure, 
the process is called free expansion. W — 0 for free expansion. During the free expansion, the ideal 
gas do not lose any energy, and hence temperature of ideal gas remains constant. Hence, free 
expansion of ideal gas is an example of isothermal, adiabatic irreversible process. 


However ifa real gas is allowed to expand in vacuum, the gas may be cooled or heated up depending 
upon temperature ofthe real gas. The temperature above which a gas gets heated up upon expansion 
is called inversion temperature. 


Important points : 


. If the reversible isothermal expansion is reversed by gradually increasing the pressure the system 
will return to initial state retracing it's path. This means path of reversible process can be exactly 
reversed if conditions are reversed. 


. Work done by the system during reversible isothermal expansion is maximum possible work 
obtainable from system under similar condition. 


Illustration 


1. One mole ofan ideal gas is expanded isothermally at 300 K from 10 atm to 1 atm. Calculate q, w, AU 
& AH under the following conditions. 


(1) Expansion is carried out reversibly. 

(ii) Expansion is carried out irreversibly 
Sol.  Isothermal process 

(i) For ideal gas AU = 0 AH =0 

q--w 


Wœ = – ПЕТ In fi =-1хЕх300 In“? = 6909 


г 


= nRT  nRT b EL. 
D Weg =-Р„.б-Уй=-Ры | Р, - RT) =— |x {xR х 300 E 
2. One mol an ideal gas is expanded from (10 atm, 10 lit). (2 atm, 50 lit) isothermally. First against 5 atm 


then against 2 atm. Calculate work done in each step and compare it with single step work done. 
Su P, VQ Биа р. У, 


10 ашт 10 lit 2atm 5011. 


(i) Work done against 5 atm pressure | М Р V } 


1 » 2 2 
10atm 1011 Satm 2011 


— 20 lit. 


10x10 
Vol. of system at 5 atm = 5 


м, =— Р. (У-У) =—5 (20— 10) =— 50 atm lit. 


(ii) Work done against 2 atm 


ext 


1 vy, — P У; 

5 atm 20 lit 2atm 501и. 

Wi = Р. (V2— V) =—2 х (50 – 20) = – 60 atm lit. 
w — 50 — 60 = — 110 atm lit. 


Total work done in single step. 


total 7 


P, Ys s P, У, 
10 atm 101 2atm 5011. 
= —2(50 — 10) = — 80 atm lit. 


Magnitude of work done in more than one step is more than single step work done. 


Exercise 
1. Calculate work done for an ideal gas (In 2 = 0.7) 
(ШУ) —> 
2 1 
Ans. Wae = — ПВТ in = PV, In UE — 22.4 In 3 = 22.4 x 0.7 = 15.68 L atm. 
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2. Calculate м = ?(In 2 = 0.7) 


Ans. Р-У Relation from plot 


3 ШУ 
Р= 2 - wa, - [P av =- f (3-2 Hv = 1.1 Lamm. 
1 


2. Isobaric process : In isobaric process, pressure remains constant during the process. 


w=-|PdV =—P..(V,-V,)=-nRAT & — AH-q, 


3. Isochoric process : In isochoric process, volume remains constant during the process. 
SincedV-0 > W=0 
from 1% law AU=q 
Illustration 
1. For | mole of monoatomic gas. Calculate w, AU, AH, q 
4 


400K 


т— 


— 300 К 


Sol.  lsochoric process 
w=0 
q=dU =C, (T, - T) =3/2 х (400 – 300) = 150 К 


АН=С,АТ = > R (400-300) =250R 


4. Adiabatic process : In adiabatic process, heat in interaction between system and surrounding is zero 
P-V- – P, V, 


q 7 0, Waa ;-T)-- 23 
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Note : 


| nRT, nRT, 
l. For irreversible adiabatic process nC, (T,-T,)=—P..| p p 
2 І 


2. Graphical representation of adiabatic process. 


Iilustration 


Í; One mole ofan non linear triatomic ideal gas is expanded adiabatically at 300 K from 16 atm to 1 atm. 
Calculate Work done under the following conditions. 


(i) Expansion is carried out reversibly (ii) Expansion is carried out irreversibly 
Sol. q=0 

w = АП = С, (Т,-Т,) 

C, for triatomic non linear gas = ЗК 

(i) For rev. process. 


4 
POTR =P T] ux 


r1 


V 1 
i x -300(2*): =150K 


AU = w = ЗК (150 ~ 300) = - 450 К 
(1) п = 1 
Е Y (У, T V) p. C, (T, E T) 


-Pa ( а 


=3R (Т, - T, 
Р, Р, | SONA 


RT, RT, 
(= - а Jes -T), E (16T, - T, )23R (T, -T,) 


-16T; +T, =48T, —48T, 
49T, = 64T, 


49 
жЕ ==” 300 =22 
у=" => Т,=229.69 


w,, = C, (T,—T,) + 3R (229.69 — 300) - 210.93 К 
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Exercise 


Ans. 


One mole of an non linear triatomic ideal gas is compressed adiabatically at 300 К from 1 atm to 16 atm. 
Calculate Work done under the following conditions. 


(1) Expansion is carried out reversibly 
(ii) Expansion is carried out irreversibly 
(1) 900 R (1) 3375 К 


COMPARISON OF VARIOUS PROCESSES UNDER DEFINED CONDITIONS 


(A) 


Graphical comparison between adiabatic reversible and irreversible process: 
Case-I : For same final pressure 


(a) Expansion: PV'=const. 


(b) Compression : 


Саѕе-П : For same final volume 
(а) Expansion 


22 


(B) 


(b Compression 


V 


Comparison between isothermal & adiabatic process: 


Case-l : For same final volume 


Isothermal 


(a) Expansion: PP 


= T, > Т, 


(b) Compression : 


Case-II : For same final pressure 


(a) Expansion 


(b) Compression 


Hlustration 


Sol. 


Sol. 


Calculate work done is process BC for 1 mol ofan ideal gas if total 600 cal heat is released by the gas 


is whole process 


For cyclic process 
dU -0 
=_wy 
q7- (Way +Wac Weg) 
— 600 = — (0 + (-) 2 x (400 – 300) + м...) 
Wop = 800 cal 


A 
le 
A Pse 
B 
е 2 
Ec 5 
V 
w=? 
ev 
| Р 
P=KV P=-V 
е 
> =KV, 
е 
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=Wap +Wgc +W eae = x 
Тай *WagtWpctWcAT 90°55 37. 3 e? 29 g de! 
Exercise 
1. One mole ofan ideal monoatomic gas is taken in cyclic process ABCA as shown in the figure 
Calculate : 


(a) The work done by the gas 
(b) The heat rejected by the gas in the path CA 
(c) The net heat absorbed by the gas in the path BC 
(d) Maximum temperature obtained by the gas during the cycle. 
Ans. (a)+3P, V, (b) - 5/2 P, V, (c) + P, V,/2 (d) * 3P, V,/R 


Polytropic process : For polytropic process, value of exponential constant are different for various process. 


PV* = constant 


x=0, Isobaric process 
x=1, Isothermal process 
х = ү, Adiabatic process 


х = о, Isochoric process 
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SECOND LAW OF THERMODYNAMICS 


(A) 


(B) 


The essence of first law is that all physical and chemical processes take place in such a manner that the 
total energy of the universe remain constant. 


However, it is observed that all processes have a natural direction ‚i.e. a direction in which they take 
place spontaneously. First law fails to answer this. Another feature of the spontaneous processes is that 
they proceed only until an equilibrium is achieved. The direction of a spontaneous process and that it 
eventually reaches equilibrium, can be understood on the basis of entropy concept introduced through 
the second law of thermodynamics. 


The second law can be expressed in alternative forms as below : 


Clausius statement 

Clausius is credited with the first formulation of the second law, now known as the Clausius statement 
"No process is possible whose sole result is the transfer of heat from a body of lower temperature 
to a body of higher temperature." 


Spontancously, heat cannot flow from cold regions to hot regions without extemal work being performed 
on the system, which is evident from ordinary experience of refrigeration, for example. In a refrigerator, 
heat flows from cold to hot, but only when forced by an external agent, a compressor. 


Kelvin statement 
The Kelvin statement expressed the second law in another form : 


'No process is possible in which the sole result is the absorption of heat from a reservoir and 
its complete conversion into work." 


This means it is impossible to extract energy by heat from a high-temperature energy source and then 
convert all of the energy into work. At least some of the energy must be passed on to heat a low- 
temperature energy sink. Thus, a heat engine with 100% efficiency is thermodynamically impossible. 


This also means that it is impossible to build solar panels that generate electricity solely from the infrared 
band of the electromagnetic spectrum without consideration of the temperature on the other side of the 
panel (as is the case with conventional solar panels that operate in the visible spectrum). 


Note that it is possible to convert heat completely into work, such as the isothermal expansion of ideal 
gas However, such a process has an additional result. In the case of the isothermal expansion, the 
volume ofthe gas increases and never goes back without outside interference. 


Saved /storage/emulated/0/Pictures/TouchShot/ 


= 


20170808 231844 [рс 


* ma 


26 


Corollaries: 

(A) Perpetual motion of the second kind 
Priorto the establishment ofthe Second Law, many people who were interested in inventing a perpetual 
motion machine had tried to circumvent the restrictions of First Law of Thermodynamics by extracting 
the massive internal energy of the environment as the power of the machine. Such a machine is called a 
"perpetual motion machine of the second kind". The second law declared the impossibility of such 
machines. 


(B) Carnot theorem 

Camot's theorem is a principle that limits the maximum efficiency for any possible engine. The efficiency 

solely depends on the temperature difference between the hot and cold thermal reservoirs. Carnot's 

theorem states: 

All irreversible heat engines between two heat reservoirs are less efficient than a Carnot engine operating 

between the same reservoirs. 

6 All reversible heat engines between two heat reservoirs are equally efficient with a Carnot engine operating 
between the same reservoirs. 


The thermodynamic cycle for carnot engine is given below : 


Carnot cycle 
P {РУ А 
У; 
АВ - Isothermal reversible expansion q>=—W,,= NRT, In V 
= ~ І 
ВС - adiabatic reversible expansion Wpc = Cy (T,- T;) 
у, 
CD - Isothermal reversible compression q, == мер = nRT, In v. 
DA ~ adiabatic reversible compression Wpa 7 Cy (T;- T) 
— “тод qi * 92 Т, -Т 
Carnot efficiency n = ds = Ew ant? 
ау: 


LE = 0 for rev. cycle 


Яш = fas =0 
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Entropy (denoted by S) is a state function. 


AS = [a 
a 


Statements of second law of thermodynamics 
(i) No cyclic engine is possible which take heat from one single source and іп a cycle completely convert it 
into work without producing any change in surrounding. 


Source 


(E) —w 
L 


Sink 


Illustration 
1. Calculate maximum 'п' for an heat engine operating between 27°C to 127°C, 
T-T, 400-300 , 
=) 5% 
5, "Um 400 à 
ENTROPY 


Entropy is a thermodynamic property that can be used to determine the energy available for useful work 
in a thermodynamic process, such as in energy conversion devices. In thermodynamics, entropy is 
commonly associated with the amount of order, disorder, of a thermodynamic system. 


| dq, 

"т" 

Thermodynamic entropy has the dimension of energy divided by temperature, and a unit of joules per 
Kelvin (J/K) in the Intemational System of Units 

To highlight the importance and developing below are various definitions of entropy: 


dS 


А Entropy - a measure of the unavailability of a system's energy to do work; also a measure of disorder; 
the higher the entropy the greater the disorder. 

" Entropy - a measure of disorder; the higher the entropy the greater the disorder. 

А Entropy - in thermodynamics, a parameter representing the state of disorder of a system at the atomic, 


ionic, or molecular level; the greater the disorder the higher the entropy. 


Properties of entropy change (AS) : 


l. The value ofthe entropy ofa system of atoms and molecules in a thermodynamic system is a measure of 
the disorder in the arrangements ofits particles. 
д. In solids, which are typically ordered оп the molecular scale, usually have smaller entropy than liquids, 


and liquids have smaller entropy than gases and colder gases have smaller entropy than hotter gases. 
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Moreover, according to the third law of thermodynamics, at absolute zero temperature, crystalline 
structures are approximated to have perfect "order" and zero entropy. 
Entropy and disorder also have associations with equilibrium. Entropy, from this perspective, is defined 
asa thermodynamic property which serves as a measure of how close a system is to equilibrium 
Ina stretched out piece of rubber, the arrangement of the molecules of its structure has an "ordered" 
distribution and has zero entropy, while the "disordered" kinky distribution ofthe atoms and molecules in 
the rubber in the non-stretched state has positive entropy 
Ina gas, the order is perfect and the measure of entropy of the system has its lowest value when all the 
molecules are in one place, whereas when more points are occupied the gas is all the more disorderly 
and the measure ofthe entropy ofthe system has higher value 
The mathematical basis with respect to the association entropy has with order and disorder is given by 
famous Boltzmann formula: 

S-kIn W 
Which relates entropy S to the number of possible states W in which a system can be found 
It is obvious that entropy is a measure of order or, most likely, disorder in the system. Second law of 
thermodynamics, as famously enunciated by Clausius in 1865, states that: "The entropy ofthe universe 
tends toa maximum" 
Entropy is also a measure of the tendency ofa process, such as a chemical reaction, to be entropically 
favored, orto proceed in a particular direction 


Physical significance of entropy 


(i) 


(ii) 


(ii) 


(iv) 


One can think entropy as a measure ofthe degree of randomness or disorder in a system. The greater 
the disorder, in a system, the higher is the entropy. 


Prediction of sign of AS using the concept of Randomness. 
With change in temperature at constant 'V" 
As Т Tes S Tes > AS „> 0 


Change in volume at constant T 
As V Tes S Tes > AS „> 0 


For phase change 
S uta < Stiga € gas 
In chemical reaction, entropy change (AS) 
(a) Involving only solids and liquids entropy change will be small 

eg. entropy of graphite > diamond (only when we know the structure or any other property). 
(b) Involving gases 

If (An), > 0 = (AS) > 0 

If (An), «0-22 (А5) «0 

If (An), = 0 = (AS) #0 


(v) 
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As atomicity Tes disorder Tes 
1 mol. I mol 
Suog € $хом) 


Sc E Sc H 


эъ 


(vi)  Forthe molecules having same atomicity, entropy will be more for the substance having more molecular 


mass. 


(vii) Inan irreversible process entropy of universe increases but it remains constant in a reversible process. 


АЅ, * А5„ = 0 for rev. process 
AS. + AS „2 0 for irrev. process 
AS mt AS 20 ( In general ) 


Entropy change in isolated system (isolated system = sys + surr) 


Consider a system taken state A to state B by an irreversible path and returned to state A by a 
reversible path. Since one of the step is irreversible, according to classius inequality, sum of q/T 
over the cycle must be less than zero. Hence 


>: Arev Arev r | р ы 
= = since the process 15 reversible 
T AB T P 


g 


for infinitesimally small change 


dges 
| т ). "T dS, ystema >B 


dq 
95, stem ZH, EH by AB > 0 
95, eismA—B T dS. AB > 


Total tsolated sys > 


Entropy calculation in process involving ideal gases. 
From First law 
dq = dU + PdV 
да, dU i PdV 
E X зүр 
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But for ideal gas 


dU = nC, dT 
T T 
nCy,dT nR 
= dS... SS + v dV 
Integration gives 


5 “4 
AS = nC, In T * nR In V, 


General Expression, for any process 


I dU = nC,.dT} 


Ts P, 


т, у, ; 
AS = nC, а Т * nR /n Vy =  nC,/n Т, +nR in P. 


Entropy calculation for various process is given below. 


(A)  Isothermal process 


Reversible & irreversible isothermal expansion and contraction ofan ideal gas 


А 


AS ys =nRin V, 


For surroundings 

AS urr =~ AS, (for reversible) 
йы : T 

AS em т for irreversible) 


(B)  lJsobaric process 
AH = C, AT = Q 


Т, 
AS vs = nC, Inl 


T, 
Forsurroundings 
AST AS... for reversible) 
Аѕ$ = dun ( for irreversible) 
su Т 


(C)  Isochoric process 
AU - C, AT = q, 
AH = C, AT 
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a 
AS... 7 nC, In 


T, 
For surroundings 
AS urr – AS ys (for reversible) 
AS... = Asur ( for irreversible) 
sur T 
(D) Adiabatic process 
AU = C, AT 
AH = C, AT 
T; У, 
AS ys =nC,, Їп га +nRin v for irreversible process 
AS... =0 for reversible adiabatic compression and expansion. 
For surroundings 
= Que В ыйл 
AS, „= 1 ( for irreversible) 
Hlustration 
Í. Calculate entropy change in each step for an ideal gas (monoatomic) 
us (A) — State (B) — State (D) 
(1 atm, 22.4 7, 273 К) (1 atm, 33.6 /, 409.5 К) (2 atm, 33.6 /, 819 K) 
Т, Р, 409.5 3 
€ — e nR/n —- Ea 
So. AS, =", т n EC nC, /n — — m = StS 
T, у, 546 
А5 „с -nC, In — * пт =C in —- C, In2 
^ T, Vi Е: 
2. Опе mole of an ideal gas is expanded isothermally at 300 К from 10 atm to | atm. Find the values of 
AS... AS, & AS, under the following conditions. 
(i) Expansion is carried out reversibly 
(ii) Expansion is carried out irreversibly 
(iii) Expansion is free. 
T; P, 
Sol.(1) AS, „= nC, In T +nR т P =0+R/n10=R/n10 
ys 1 2 


AS at =— AS, s =—-RMm10 
AS =0 


total 


(ii) AS =R /n 10 


— Q; 
AS a Б T 
AU =0=q+w 


RT RT NEA = 
Qs Pas E -— J == RI i-e = RT x io 1o P900 270 


da —9R 9R 
AS = “тош => AS. = AS. + AS... = R in 10 – 10 
(i) ^ Freeexpansion AT=0 
w-0 
q-0 
AS, „= К п 10 
Gin UR 
AS pon 
AS, ,,7 R In 10 


total — 


Exercise 


1. Опе mole ofan non linear triatomic ideal gas is expanded adiabatically at 300 К from 16 atm to 1 atm. 
Find the values of AS... , AS... & AS, under the following conditions. 


(i) Expansion is carried out reversibly 
(11) Expansion is carried out irreversibly 


tota 


(iii) Expansion is free. 
Т, У, 

Ans. (i) А, = nC, in zt nR /n = =0,q=0, AS, 7 - AS, = AS... = 0 

(п) 48,, = 1.702 К, AS. = 0, AS oua = AS, = 1.702 К 

á = Pi oa _ 9а -0 ке ss 

(iii) AS, = пК п р, 2.77 К, AS... = Т AS ui = AS,,7 2.77 К 
(Е) Entropy changes for the reactions 

AS. = Yvs (products) — > vRS (reactants) 
Variation of AS, with temperature & pressure : 
(AS, — (А5,), = zt (AS,),. — (А5,), -An Rin 2 
r Ax r ; = (AC), In G? гр) 7 г; "Ann, 
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Similarly 
(AH, },, — (4H,);, = (АС), (T,-T)) {Krichoff’s equation) 
(AU, )r, – (AU, )r, = (4C), (Т,-Т,) 
Illustration 
1. For the reaction 


N, + 20, —> 2NO, 


Given: at latm, 300 K 


Sy, 2180 J/mol/K C, (N,) = 30 J/mol/K 
So, = 220 J/mol/K C, (0,) = 30 J/mol/K 
Syo, = 240 J/mol/K C, (NO,) = 40 J/mol/K 
Calculate (1) AS 59 KJ 
(ii) А5 к, 1 atm 


Sol(i) (AS,)399 = 280, 280, -Su, = 2 х 240—2 х 220 – 180 = – 140 J mol !k"! 
(ACp), = 2C,(NO,) - 2C, (0,) - C, (Nj) =2 х 40 - 2 x 30 - 30 - – 10 J mol! К! 


T; 4 
Gi) ^— (AS Jyo = (AS); + (ACp), № т =- 140 - 10 /n “= 142.88 J mol! К! 
3 | z 
Exercise 
1. For the reaction 
Given: at latm, 300 К 
Sx, 7180 J/mol/K C, (Nj) = 30 J/mol/K 
So, = 220 J/mol/K C, (O,) = 30 J/mol/K 
Sxo, = 240 J/mol/K C, (NO) = 40 J/mol/K 


Calculate (1) AS 
(ii) AS o K,5 atm 
Ans. (1) (А5) оох sam = — 126.62 J mol! kt. 
(11) (А5, ) оо. sm = — 129-5 J k^! mol". 


300 К, 5 atm 
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(F) Entropy change during phase change : During phase change and entropy change is measured as 


AH 
T 


IHllustration 


1. Calculate entropy change 
H,O (/, 1 atm, 100°C) —9 H,O (g, | atm, 110°C) 
H,O (/, 1 atm, 100°C) —9 H,O (g, 2 atm, 100°C) 
AH = 40 kJ/mol C (0) = 75 Ј/ то К С (8) = 35 Ј/ то! /К 
Sol. H,O(/,2 ат, 100°C)——> H,O (g, 1 atm, 100°С) —9 H,O (g, 2 atm, 100°C) 
(A) (В) (С) 
АН, _ 40.000 
m T 373 


tv | = 


P, 
AS, _,¢ =n Rin Р, =1х В /п 


Exercise 


A Calculate entropy change 

H,O (/, 1 atm, 100°С) —9 H,O (е, 1 atm, 110°C) 

H,O (/, 1 atm, 100°С) —9 H,O (g, 2 atm, 100°C) 

AH = 40 kJ/mol C,()=75J/mol/K C,(g)=35J/mol/K 
AH,  40x1000 T, 383 


T 373 » ASQ "7 NCp(g) № т =1 x35 а == 


Ans. AS, E 373 


THIRD LAW OF THERMODYNAMICS 


“At absolute zero, the entropy of a perfectly crystalline substance is taken as zero", which means that at 
absolute zero every crystalline solid is in a state of perfect order and its entropy should be zero. 


By virtue ofthe third law, the absolute value of entropy (unlike absolute value of enthalpy) for any pure 
substance can be calculated at room temperature. 


T 
Grev 

Sp- So = 1-22 
T OK Je 
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Absolute entropies of various substances have been tabulated and these value are used to calculate 
entropy changes for the reactions. 


GIBBS FREE ENERGY (G) AND SPONTANEITY 


Gibbs free energy is a thermodynamics potential that measures the "useful" work obtainable from a 
thermodynamic system at a constant temperature and pressure. Alternatively, Gibbs energy Is the capacity 
of a system to do non-mechanical work and AG measures the non-mechanical work done on it. 


The term "free" was attached to Gibbs free energy for systems at constant pressure and temperature to 
mean "available in the form of useful work. However, an increasing number of books do not include the 
attachment "free", referring to G as simply "Gibbs energy". In 1988 IUPAC meeting the term 'free' was 
dropped. 


IUPAC recommended name: Gibbs energy or Gibbs function 
The Gibbs free energy is mathematically defined as: 
G(p,.T) xU + ру - TS 
which is the same as: 
G(p.T) Н - TS 
where: 
Uis the internal energy (SI unit: joule) 
p is pressure (SI unit: pascal) 
V is volume (Sl unit: т?) 
T is the temperature (SI unit: kelvin) 
S is the entropy (SI unit: joule per kelvin) 
Histhe enthalpy (SI unit: joule) 


Properties of Gibbs free energy 


The Gibbs free energy is the maximum amount of non-expansion work that can be extracted from a 
closed system ; this maximum can be attained only in a completely reversible process. 


When a system changes from a well-defined initial state to a well-defined final state, the Gibbs free 
energy AG equals the work exchanged by the system with its surroundings, minus the work ofthe 
pressure forces, during a reversible transformation of the system from the same initial state to the same 
final state. 

Gibbs energy (AG) is also the chemical potential that is minimized when a system reaches equilibrium at 
constant pressure and temperature. Its derivative with respect to the reaction coordinate of the system 
becomes zero at the equilibrium point. 


36 


4. As such, it is a convenient criterion of spontaneity for processes with constant pressure and temperature. 
The Gibbs free energy the greatest amount of mechanical work which can be obtained from a given 
quantity ofa certain substance in a given initial state, without increasing its total volume or allowing heat 
to pass to or from external bodies, except such as at the close ofthe processes are left in their initial 
condition. 

6. Every system seeks to achieve a minimum of free energy. 

The energy released equals the maximum amount of work that can be performed as a result of the 
chemical reaction. In contrast, if conditions indicated a positive AG, then energy in the form of work 
would have to be added to the reacting system to make the reaction proceed. 


8. Thus the direction of reaction will only be allowed ifthe total entropy change of the universe is equal to 
zero (an equilibrium process) or positive and correspondingly gibbs free energy criteria is: 

A. AG>0 the process is non-spontaneous 

B. AG=0 system is at equilibrium 


C. AG>0 the process is spontaneous 


A new thermodynamic state function G , the Gibbs free energy is defined as : 


G-H-TS 
at constant temperature and pressure 
AG = AH - T AS 
If (AG), < 0 process is irreversible (spontaneous) 
(AG), = 0 process is reversible 
(AG, > 0 process is impossible (non spontaneous) 


The use of Gibbs free energy has the advantage that it refers to the system only (and not surroundings). 
Tosummaries, the spontaneity of a chemical reaction is decided by two factors taken together: 

(1) the enthalpy factor апі (iU) the entropy factor. 

The equation AG = AH — T AS takes both the factors into consideration. 


(AH, rp (АС, тр Remarks 


Always — ve Reaction is spontaneous 


Always * ve Reaction non spontaneous 


At low temperature, AG = + ve Non spontaneous 


At high temperature, AG = - ve Spontaneous 


At low temperature, — ve Spontaneous 


At high temperature, *ve Non spontaneous 
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Variation of Gibb's function (С) with temperature and pressure : 


(A) 


(B) 


Relationship between AG & W 


G-H-TS 
=U+PV-TS 
dG = dU + PdV — TdS + мар – SdT 
dG = VdP - SdT 
At constant temperature, dT =0 


for every substance 


ig 
dG=VdP or a J, 


(i) For an ideal gas, at constant temperature 
nRT 
dT =0 and V = —— 
Р 
So 
nRT p: 


dG = —— dp = nRT/n 
р 


Pi 


(ii) For solids / liquids, at constant temperature 


dT =O and V is almost constant change in pressure 


So 
аб -vdp [У constant] 
AG = v (p - 5) 

At constant pressure, dP — 0 

For any substance 

dG = -SdT 

ёб 
(а), 7s 


If ina question, given that S = f (T), by integrating AG сап be calculate. 


non-PV 

Decrease in Gibb's function at constant temperature and pressure in a process given an estimate or 
measure of maximum non-PV work which can be obtained from system in reversible, manner. 
The example of non-PV work is electric work done by chemical battery. 

Expansion of soap bubble at for a closed system capable of doing non-PV work apart from PV 
work first law can b written as 

dU =q+ Wp, + W 


non-PV 
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for reversible process at constant T & P 
dU + pdV - TdS = W 
dH - TdS = № py 

(dG, seme 7 Wooa-pv 
-(dG =(W 


Non-PV work done by the system = decrease in gibbs free energy 


non-PV 


system TP non-Pv) system 


Non-pV work done du to chemical energy transformation of due to composition change and 
decrease in Gibb's function in a isothermal and isobaric process provide a measure of chemical 
energy stored in bonds and intermolecular interaction energy of molecules. 


Some facts to be remembered : 


(a) 


(b) 


Standard condition 
(1) For gases / solid / liquid : P = 1 bar 


(ii) For ion / substance in solution: concentration =1 M 


AG, = (АС) product Е (AG D reactant 
AH, = (AH) ыы ~ (AH) „ы 
AS, x (AS) produet = (AS reactant 


THERMODYNAMIC RELATIONSHIP BETWEEN AG AND EQUILIBRIUM CONSTANT 


AG=RT In 22 

Pi 
G.=G.+RTin È 
2 I р, 


G,=G°+RT Т2 


Consider a reaction A+ B —— C 


G,=G,° +RT тр 


G,=G,°+RTin Thar == 


Pe 
Сс= Gc? + RT In ть 
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AG, = G°+RT In ВС 

ele) 

Ibar /\ Ibar 
AG, = АС, + RT InQ [Q = Reaction quotient] 
AG °=-RTInK, ы (At eq". (АС); = 0) 
AG, = AH? — TAS? 
-AH* AS 
RT R In K 


For Exothermic reaction 


In Ka - 


AS? A,H® 


As? AH 
MASUUE CIEN 


Ka) ame(1 1 
s К, TUM Tn Т, 


For a chemical reaction : During a chemical reaction, reaction proceeds in that direction in which DG 
«0 or value of G decreases and attains lowest value at equilibrium condition as show in the figure. More 
ever as equilibrium condition is changed in either direction, reaction always proceeds towards equilibrium 
condition 


equilibrium 


extent of reaction 


Clausius Inequality : Clausius inequality is another way for measuring the irrversibility and spontaneity ofa 


process. 
In mathematical as term, it can be expressed as- 
Tds2q 

Tds > dU -w 

at constant temperature & pressure 

d(U- TS + PV) <0 

(H-TS)x0 

dG <0 
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Hlustration 


1. Calculate AG for 
(i) H,O (/, 1 atm, 300 К ) —9 H,O (е, 1 atm, 300 К) 
(п) H,O (/, 2 atm, 373 K )—> H,O (g. 2 atm, 373 K) 
Given :AH,,, = 40 kJ 
C,(H,0,/)= 75 J/ mol /K 
C,(H,O,g)= 35J/mol/K 
Sol.(i) АН, 99- АН, = (- 40) (-73) 
АН, = 42920 
40x10? 


A55 7 393 


373 
AS 359 Е AS +40 00 


АС = АН 300 А, о 

Gi) Н,0(/, 2 atm, 373 К) €. , H,O (g, 2 atm, 373 К) 
| [V(1-2)] E nRT In - 
H,O (1,1 atm, 373 К) 362-9 , H,O (g, 1 atm, 373 K) 


2 
AG = V (1-2) + AG, + nRT /n Т 


Exercise 


1. Calculate AG for 
(1) H,O (/, 2 atm, 300 K ) —9 H,O (g, 2 atm, 300 К) 
(it) H,O (/, p atm, 300 К) —9 Н,О (g, p atm, 300 K) Calculate p for which AG = 0 
Given :AH,., = 40 kJ 
C,(H,0,/)= 75 J /mol/K 
C,(H,O,g) = 35 Ј/ mol/K 


Р, 
Ans. (i) AG = V (P,— P,) + [АН — 300 AS] + nRT /n p 
2 : x , 


(ii) P =26.28 atm 


Q.1 


Ans. 
Sol. 


Q.2 


Sol. 


Q.3 
Ans. 
Hint: 


QA 


Sol. 
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SOLVED EXAMPLE 
Value of 'y' for CH, molecule is (Consider vibrational degree of freedom to be active) 
+ 1з 15 7 
(A) 3 (B); (O 1j (D) т; 
(B) 
C, =3R+9R>12R 
C,=13R 
Бе 15 
Pro m 


"y' for NH, including contribution from vibrational degree's of freedom is 
ay 4 M ad 5 23 
(A) 5 (В) > (© = (D) 75 
(В) 
n, M 3 3 
С = = Къ-2 Къп, R= —R+—R+6R=9R 
v" 2 2 2 2 


C, -9R + R - I0R 


1 mole ofan ideal gas is expanded isothermally and reversibly from 1 litre to 100 litre. Which of the 
following is false for the process? 

(A) AT=0 (B) AE = 0 (C) AH =0 (D) heat supplied (9) = 0 

(D) 

For isothermal process involving ideal gas AT - AE- AH - 0 


Pressure over 1 litre ofa liquid is gradually increases from 1 bar to 1001 bar under adiabatic condition. 
Ifthe final volume of the liquid is 990 ml, calculate AE and AH ofthe process assuming linear variation 
of volume with pressure. 

Assuming linear variation of volume with pressure 


: ms 4 › 
W = area under the show line = (10 x 10-5n?) x (105N/m?) + 2 (1000 х 105N/m?)x (10 х 105m?) 


=1J+500J=501 Joule 
AE=501 Joule 
AH = AE + P,V,-P,V, 
= 501 J+ (1001 x105 N/m?)x (990 x 10-5n3) — (1 x 105 N/m?) 
x (1000 x10-5m?) 
= 5017 + (99 x 1001 J) - (100 J) 
= 99.5 kJ Ans. 


Ans, 


Sol. 


Q.6 


Sol. 


Q.7 


Sol. 


One mole of a real gas is subjected to a process from (2 bar, 30 lit., 300 K) to (2 bar, 40 lit., 500 К) 
Given : C, = 25 J/mol/K 

C 740 J/mol/K 
Calculate AU. 


(A) 5000 J (B) 6000 J (C) 8000 J (D) 10000 J 
(B) 
AU =q+w 

= (40 x 200) + (-2 x 10 x 100) 

= 6000 J Ans. 


One mole of ideal gas undergoes following cyclic process: 

(D Isochoric heating from (P, V, T,) to double temperature. 

(ID) Isobaric expansion from to double volume. 

(Ш) Linear expansion (on PV curve) to (P,, 8V,) 

(IV)  sobaric compression to initial state. 

Calculate the magnitude of work done in calories if initial temperature of the gas is 300 К? 


Given: К = 2 eu 
mol - K 
1 
Magnitude of work =A=P,V, + > x P, x6 V, >P I 
<= EY 
-4 P, V, - 4nRT, [р | Ш 
=4х 1х2 х 300 
= 2400 cal P, 


Determine the total work done by a gas (in Joule) if system 
follows an expansion process as shown in figure. 
[Given : | Bar liter = 100 Л 


PR Và = Pc Ve 
or 50 x (0.4)? = Po х (0.8) 


_ 50x04x04 - 
CCS RR S € (in liter) 
w 7 Wap t Wpc 
P, Ve — P, V. 
=-50 (04-02) +628 


12.5x0.8—50x0.4 
-50x0.2 + m 


= —]0 + (-10) = —20 bar liter = 2000 J 
+= 2000 J 


i 
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9.9  Astudentiscalculating the work during a reversible isothermal process, shown by 2 moles of an ideal 
gas. He by mistake calculated the area as shown in the PV graph (Shaded arca) equal to 49.26 litre atm. 
Calculate the correct value of work (in litre atm) during the process. 

(Given : В = 0.0821 litre atm/mol/K) 


Pu 
(A) 49.26 (B) - 34.14 (C) - 78.63 (D)- 98.52 
Sol. For isothermal process 
У, 
W--nRTIn y 
l 
=— 49.26 x In 2 [Shaded area = РУ = nRT] 
= – 34.14 


(0.10 Calculate the magnitude of work done (in atm lit. ) for the given cyclic process involving | mol ofan 
ideal gas. [Given : R= 0.08 atm lit./mol/K] 


300 400 600 
ТОК) — 
Sol. W,,=Wep=0 al 
Wac =~ RAT =- 1 x R x 300 = 300 К 1 
Wp, =-nRAT =- I x R x -200 - 200 R 
Уа =— 100 R БаР 


= [| = litatm 


200300 400 600 


T(K)—* 
Q.11 logP vs log V curve is plotted for an ideal gas, which is true for the gas? " 
(A) Monoatomic & undergoing adiabatic change ! 23% 
(В) Monoatomic & undergoing an isothermal change = 
(C) Diatomic & undergoing an adiabatic change ? HT 


(D) Triatomic & undergoing an isothermal change С ЕЗ8: Е 
Ans. (C) log V (dm) —e 
Sol. Equation of process 


logV-1.10 1.30-1.10 020 5 


LE 


Q.12 


Sol. 


Q.13 


Ans. 
Sol. 


= (log P - 2.38) x 5 - 7 (log V - 1.1) 
=> 5 log P +7 log V = 19.60 

= log P$ + log V? = 19.60 

РУУ? = antilog (19.60) = constant 

or PV!^ = constant 

> y= L4- diatomic & adiabatic 


A certain mass of a gas is expanded from (1L, 10 atm) to (4L, 5 atm) against a constant external 
pressure of 1 atm. If initial temperature of gas is 300 К and the heat capacity of process is 50 J/°C. 
Calculate AH (in kJ) of the process . (Given 1L atm= 100 J). 

(Fill your answer by multiplying it with 100) 


РУ, BV, 

AU=Q+W an 
Q T Y 

А lox] 5х4 
= 50 х (600 — 300) – 1(4— 1) х 100 or 00 Т. 


= 15000 — 300 J 
= 14700 J 

=14.7J 

AH = AU + (P,V, - P, Vj) 
РОТА (20—10)x100 
ES 1000 

= 14.7+1= 15.7 kJ = 1570 


or  T,-5x4x30-600K 


A liquid confined inside an adiabatic container is suddenly taken from state | to state 2 by a single stage 
process as shown, then AH is 


ау, 


Vo 


| 2уР,У, Е - 3yPo Vo 
(A) AH = 1-1 (B) AH =— P,V, (C) AH=—3P,V, (р) АН = y-1 
(B) 
Q-0 
AU-Q*w-w 


w z— P, (4V, - Vj) =— 3P,V, 
AH = AU + (P, V, - P,Vj) 

=~ 3P,V, + (4P, V, — 2P,V,) 
=— 3P,V, + 2P,V, 

=P V; 


Q.14 


Ans, 


Sol. 


Q.15 


Sol.(i) 


(i) 
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One mole of Argon is heated using PV? — constant. By what amount heat is absorbed during the 
process, when temperature changes by AT = 26 К. 


(A) 100 J (B) 200 J (C) 180J (D) 208 J 
(C) 
3 x à 
n-1C,- 5R PV*? = constant , n = 5/2 
q=nCAT 
ы |c +R ar. n+. 2%. [3n-2n s - Зв» 26. *8314x26 0] 
TWIN к шык E- 1-5 "I2 Aa 6 Y 6 «ion 


() мав. Wages ср» Wpa 
(ш) Gap: вс» ср» Яра 
(ii) АН, „АНАНАН, 
[Use: In (3/2) = 0.40 ; In (4/3) =0.29] 


Wp :Along'AB' pressure is variable 
V-10 15-10 


from graph: x 300 = 600—300 => 60V-600=T-300 => 60V-300-T 
sub value of T in ideal gas equation 
300R 
PV =R (60V – 300) = P =60К – ERN 


300R У; 
= [ту -— | вок -208 Му -—60R(V,- V y«amna [ss | 
І 


=~ 3008 + 300 R(0.4) (take In (3/2) = 0.40 data) 
wag =- 180R =- 1496.52 J. Ans. 


у. 
Wgc =- RT /n =e =—RT /n (4/3) (take /n (4/3) = 0.29 data) 


=— 8.314 x 600 х 0.29 =— 1446.63 Joule Ans. 
Wop 79 Ans. 


M 10 
Wpa=-nRTIn y --1=®зї4 200 (35 ) =+ 1728.84 Joule Ans. 


Gap 7AE g- WE 2 R x300 + 1496.52 = 450 R + 180 R = 630 R = 5237.82 Joule Ans. 
dac 7 - Wgc + 1446. 63 Joule Ans. 


Acp = AU = nC, AT = 1 х 5 К x (300—600) = — 3741.3 Joule Ans. 
qpa =— pa = 1728.84 Joule Ans. 


(iii) 


Q.16 


Ans. 


Sol. 


Q.17 


Sol. 


AH, 7 C, (T; -T,)- 2Rx300 = 750 В = 6235.5 Joule Ans. 


АНьс —( Ans. 


5 
АН, = АОсу + nR AT=n Cp AT=1 х 2 R x (-300) 2—6235.5 Joule Ans. 
АНЬ = АП, + nR AT = 0 Joule Ans. 


Work done (in kJ) by the gas in the following cyclic process is 


VU) 


һә 


3 13 Pibar) 


(A)-11 (B)-11000 (©) 11 (D) 11000 
(A) 


22 
|| =x ab = x 99 = 110 bar lit. = 11000 J= 11 kJ 
Final Answer= -11 


Consider an isothermal cylinder and massless piston assembly in which ideal gas is filled. Cross sectional 
area of the cylinder = 1 m?. Three masses m,, m, and m, are kept on the piston. When m, is removed, 
piston moves upto point A. When m, & m, both are removed piston moves upto point B & when m,, 
m, & m, all the three are removed, piston moves upto point C. Calculate work done by the gas 
(in joule) when piston moves from point B to point C. 

[Given: m, 22 x 10* kg, m, =3 x 10* kg, р = 10 m/s? ] 


Р,„=10°Ра 
у= 4 lit. 


Initially piston is at eq, 
_ (2x10° 43x10 + m,)x10 _ 
1 


105 10° 
10°-10° 4 
m,=| o |7510 = 104 (10-1) — 5 х 10 = 10* (9-5) = 4 x 10* kg 
since Т = constant 
PV,=P,V, 
105 x 4 = (105 +4 x 105) x V, 


Q.18 


Sol. 


Q.19 
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_4х10°_40_ 
B^10xs 5 =8 lit 
Also, 
PaVa = PcVc 
105 x 5 x 8 = 105 х Vo 
Ve=40L 


Wac m xi^ (Vc - Vy) =- 10 (40 -8) х 10 3-— 3200 J 
W,, =3200J Ans. 


Calculate difference in work done in process-I to process-II. 
(Given: 123) 


Process-I (ABCDAEFD) Process-Il 
F E 


Process-1: — W,gcpaggp = Wapcpa * War + Wer t Wep 


=~ (12,2571) 37 8240-55 4 3 16 = 12 
2 


- - 


3x2x2 


Ргосеѕѕ-11 : w=[ +4x2}=_(6+8)=-14 


Difference in work done = 12-(-14)-26 Ап. 


The external pressure 2 atm is applied on frictionless movable piston, fitted in a vessel containing 100 gof 
X (I) at 450 К. Now heat is supplied keeping pressure constant till 40 gof X is evaporated to form X (g) 
at 500 K (boiling point). Calculate change in internal (AU) energy in kJ for overall process. 

Assume vapour of X (/) behaves like an ideal gas. 


‘in ш 


ttes ttt 9 XQ): 40g 
| 100 g X(/) oe THEE ee, a ; 
: 17е ХО): 60 g 
pis T=500K 
Initial State Final State 
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Sol. 


Q.20 


Ans. 
Sol. 


Q.21 


Given: Molar heat capacity of X (/)= 60 J/ mol. К; AH = 30 kJ/mol ; R=8.3 J/mol-K 
At. weight of X = 20 g/mol. 
[ЕШ your answer by multiplying it with 100.] 


AU=Q+w 


vaporisation 


2x8.3x 500 
1000 


10 60 40 
= nc, AT 4 nAH,, + = — x 0 An RT = 15 +60 – 


20 1000 
= 66.7 kJ => 6670 Ans. 


An ideal gas with adiabatic exponent ү undergoes a process in which intemal energy depends on volume 
as U = aV“ then select the correct statement. 


(у=) 


(A) Change in internal energy is AT 


a 
/ er 
(B) Molar heat capacity of process is (I-y) а 


(1-3) 
(C) Heat exchange in the process is given by AU [ + єп 


(D) Equation of process is PV* = constant, where x > 01Го< 1. 
(D) 

U=aV* => nC, T = ау“ 

TV“ =a 

On comparing with ,TV"-! = constant 

Polytropic index, n= l- à 


Р R R M E R _R Кыл 
Molar heat capacity, "1 PET i Ee ma-a" E - 
q-CAT 
-1 RAT 
= [-су+ ar =-Cy ata RAT = -Aua Far. SAU — pa 
a a a y-l a 
ana А 2 -AUsAU LI - лу|1-1—1| 
7-1 a ° a а 


An adiabatic cylinder fitted with an adiabatic piston at the right end of cylinder, is divided into two equal 

halves with a monoatomic gas on left side and diatomic gas on right side, using an impermeable movable 
3 

adiabatic wall . Ifthe piston is pushed slowly to compress the diatomic gas to 4 th ofitsoriginal volume. 


The new volume of monoatomic gas would be 


25 3 


4 |2 : 7 
(A) ДЕ P V initial ^ Н | (В) Nod 7 V initial ^ H 


iv 


(OV нек. H І (D) У. 7 V. iini х : 


Sol. 


Q.22 


Sol. 


Q.23 


Sol. 
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(C) 
Pvi=K 
for diatomic gas 


5. [мү үзү” 
P (VJ U 

8/3 3s 1 
РЁ)... а зү" 32 
р | Д B ЭУ Мы * Н 


Calculate the work done by system in an irreversible (single step) adiabatic expansion of 1 mole ofa 
polyatomic gas from 300K and pressure 10 atm to 1 atm.(y= 1.33). 


ry 
~ 


КТ, АТ, 
C,T, -300) -- 1 | 3775 


RT, 
3R (T, - 300) = - RT, н 
4RT, = 30R + 900R 


930 
T,= 2 Pim 232.5K 


W = 3R (232.5 - 300) 
W =-202.5 R = – 1.683 kJ 


A cylindrical container of volume 4.48 litres is containing equal no. of moles ofa monoatomic gas in two 
sections A and B separated by an adiabatic frictionless piston as shown in figure. The initial temperature 
and pressure of gases was 273 К and 1 atm. Now gas in section 'A' 15 slowly heated till the volume of 


section B becomes 1/242 ofinitial volume. Find total change in AH for section A and B. (in cal/mole) 
ІС, of monoatomic gas = 3/2 К, y = 5/3 | 


Frictionless adiabatic piston Frictionless adiabatic piston 
5.4 
Тһе раз 
in section ^ B Adiabatic wall Adiabatic wall 
'A' is heated | 2 3 2.241, 


reversibly 


Initial state Final state 


[Use К = 2 cal/mol & 4/2 = 1.4] 
Initial volume of sec. A = sec. B = 2.24 litres 


| Fa 
Final volume of sec. B= 242 litres 
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Q.24 


Ans, 


Sol. 


The gas in sec.'B' compressed reversibly and adiabatically 
V t-l 
= ТМ =T, Vr! => T,=T, ta => T,=T, (2/2)? =2т, 


5 
{For monoatom gas y = 3 H 


The final pressure in sec. 'B' 
EV TL T, |f V, 
LA ZA. . ы 1А А Lt = 
P= op y =рух E Js Р, х2х242 = 442 ат 


EV 
= Pressure in sec. 'A' — 442 atm — Final temperature in sec. AT,= BH T, 
l 


у, 
Р, WE 7 
T,-[» V T, 
l (442 -1)(4V2) 
od e LD gi ee 
442 | 5] Т, | 2 №, 
(442 - 1) 2T, 


[s/21, -21, -7,]= {4v27, -37, j 
5 5 
AH, = (0.1) Z R 82-3) = AH, = (0.1) ZR {273} 
2(442 -1) 


5 
AH, = (0.1) 5 К (273) {2} (442 -1) = 1255.8 or 5 x 1255.8 = 6279 Ans. 


Agas(C, = 2 К) behaving ideally was allowed to expand reversibly and adiabatically from 1 litre to 
wm 2 р 


32 litre. It's initial temperature was 327°C. The molar enthalpy change (їп J/mole) for the process is 


(A)-1125R (B)- 575 К (C)-1575 К (D) None of these 
(C) 

n у, P 1 z 1 ; 

nix 4 т,= тү) = воо, = 600(0.5)? = 150К 
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Q.25 1000 gm water is heated from 27°C to 47°C at a constant pressure of 1 bar. The coefficient of volume 
expansion of water is 0,002/°C and the molar volume of water at 0°C is 18.00 cm?/mol. The magnitude 
of work done (in J) by water is 


Sol Vig = Yoc +y) y= coefficient of volume expansion 
М›»с = 1000 (1 + 0.002 x 27) t = temperature in °C 
= 1054 ml 
Vre = 1000 (1 + 0.002 x 47) 
= 1094 ml 
уу = -РДУ = асин) bar litre = bar litre = = 100) =-4] 


0.26 The temperature ofa definite amount ofan ideal monoatomic gas becomes four times in a reversible 
process for which heat exchange is zero. Which of the following is correct relation between the final and 


initial parameters of gas? 
1 
(A) V, 8V, (B) P, 7 32 P, (C) V,7 16 V, (DF, 16^ 
Ans. (B) 
1 
Vi Ts [et 
Sol. d - B ens 
Ve). (Т, 
PB T “7 Е at _ -5/2 - Кы 


2а 
Rb 


adiabatically it gets warm up but if temperature of gas is lower than Т, then it will cool down. What will 
happen to a gas if it is adiabatically expanded at 50°C if its Boyle's temperature is 20°C 
(A) heating (B) cooling (C) constant (D) None of these 

Ans. (B) 


Q.27 Inversion temperature k " Ja defined as the temperature above which if gas is expanded 


Sol Boyle temperature, Т, = = =20°C = 293 К 


2a 
inversion temperature, Т, = Rb -586K =313°C 


at 50°C « T,, on expansion cooling occurs 


Q.28 Which ofthe following statement(s) is/are correct : 
Statement (a): The entropy of isolated system with Р-У work only is always maximized at equilibrium 
Statement (b): It is possible for the entropy of close system to decrease substantially in an irreversible 
process. 
Statement (c): Entropy can be created but not destroyed. 
Statement (d): AS „15 always zero for reversible process in an isolated system 
(A)Statementa, b, c (В) Statement b,d (C)Statementa,b, d (D)AII 
Ans. (D) 
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Q.29 1 Kgstoneat27 °C falls 100 m into a lake whose temperature is 27 °С. Find the entropy change of 
(a) the stone (b) the lake (c) the universe when 
(i) stone is lowered reversibly 
(ii) stone is dropped freely 
Compare the loss of available energy in two cases 


Sol.(i) Ifthe stone is lowered reversibly no amount of heat will be produced. Also since term of stone remains 
the same 
AS ас = 9 Ans; 
Grey = 0 => AS, 7 0 Ans. 
and AS, = AS nives” З + AS one = 0 Ans. 
(ii) ^ Ifthestoneis lowered irreversibly, the potential energy will be entirely lose in form of heat energy 


Я.а z dirr x mgh 


Qir (ee 980 
3 300 ~ 300 
=3.26J/K Ans. 
AS, = 3-26 J/K Ап. 
loss of available energy in first process = 0 
loss of available energy in second process = 980 Joules 


Q.30 A mole of steam is condensed at 100°C, the water is cooled to 0°C and frozen to ice. What is the 
difference in entropies of the steam and ice? The heats of vaporization and fusion are 540 cal gm! and 
80 cal gm“! respectively. Use the average heat capacity of liquid wateras 1 cal отг! degree”! 
80 540 = 80 540 =] 


(A) (S men (B) DERRETE 
373 273 273 273 373 273 


80 540 273 80 540 
(C) (snz) (D) [эе e100) 


273 373 
Ans. (B) 
_ АН, _ -540x18 
Sol. AS condensation = T = 373 
AS CI & 181 EJ 
. =tnC ini —~ |= Гы: 
cooling Р T, 373 
— 80x18 


AS fusion ES 273 


=- aE) ism 2) 
213 .333 373 
| 80 540 25] 
--18l——*-——-ln 


T —— о 
273 373 273 => 36.95 cal / Ans. 


53 


Q.31 Heat capacity ofa solid A(s), is given by aT? in vicinity at absolute zero. Taking heat capacity to be aT? 
from 0 K to 10K, b from 10 К to normal М.Р. at 150 К and с from 150 К to 200 К, find the absolute 
entropy of A (7) at 200 К. 

Given a=0.5 x 10? JXK mole) 
b=15J/(K mole) 
c=20J/(K mole) 


AH оа = + 30 KJ/mole 
шы аы [Cour T C(s)dT АН T C(I)dT 
ol. = Тт. Ж —— OU жу + 
" - T 10 T Ty 150 T 
| г TdT | [ bdT АН, Сат 
= él = 
rou T T Ty is T 
0° | m). 30000 | 1 
S, -4[5--0]*bIn 10 150 ^ ^P (150 


0.5 4 
5г= E: 15 x In (15) + 200 + 20 In = 


S,=0.166 + 40.62 + 200 + 5.8 
S, = 246.586 J / (mole. К) Ans. 


Q.32 Foraperfectly crystalline solid Cu aT? + Т, where a & b are constant. If ce» is 0.40 J/K -mol at 
10 K and 0.92 J/K-mol at 20 K, then molar entropy at 20 K is 
(A) 0.92 J/K-mol (B) 8.66 J/K-mol (C)0.813J/K-mol (0) None 

Ans. (C) 


Sol 0.40=ат>2 +57, = 040=ах (1000) +Ьх 10 

=> 0.4 = 1000а +10 a(l) 
0.92 =ат,2 +bT, = 0.92 =ах 8000 + 20b (2) 
Onsolving 

0.12 = 6000 a а=2 х 10° 
0.40 =2 х 105 х 1000 +b x 10 
г. b=0.038 
_ pat? +bT A-T]. 
'- o = m xR x 
2x10% x (8000 — 0) 2x10 x8000 


3 * b(20) = 1998x009 


=> 0.053+0.76 => 0.813 J/K-mol 


Q.33 Two mole ofan ideal gas is expanded irreversibly & isothermally at 27°C until its volume is doubled and 
3.3 kJ heat is absorbed from surrounding. Determine AS ME, AS 
у, 
Sol AS. „= пЁ y —2xRx/n2 =  1L52JK 
1 


system 


surrounding" 


3.3x1000 


AS eremi nii 300 


=> -11 J/K 
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Q.34 An ideal gas undergoing cyclic process ABCA consisting of isothermal expansion AB, isobaric 
compression BC & adiabatic compression CA. Find the % (approximate) efficiency of cycle. 


[Given : T, =T,, = 400 K ; y= 1.5, n2=0.7, 27? =0.8] 


Sol. ТС = ZH * 2400 | 


_ __ таа 


Qabsorbed 
Wap = – 1400 К /n2=—280nR 
Мас  7-nR(T.-T4)--nR(320-400) = 80nR 
nR 
Wea = y-1 C47 To) 


-2nR(400- 320) 
=160nR 
Wot == 280nR+80nR+ 160nR 
—40nR 


Gadsorbed — "AB 
—280nR 


40nR 100 
% т = 28018 х100 = oe E 14 Ans. 


il 


Q.35 0.5 mole ofan ideal monoatomic gas at STP conditions undergoes a process, ifthe final volume of gas is 
(22.7 x e) lit., then the entropy change in this process in J / K / mol is 
[Given : Process isobaric] 


100 
(Fill your answer by multiplying it with R ) 


V T, 22.7/2 273 
Sol. V, E T, > 2537. т => Т, = 273. (2e) 


Eh. ғ: 5 (273).(2е) 
5 > ; 
= 4 R(n2c) = ames me) ^. ifIn2 7 0.7 
5 100 
-—Rx(17)x— = 
: x(1.7)x R 212.5 Ans. 


0.36 When two equal sized pieces of the same metal at different temperatures T, (hot piece) and T (cold 
piece) are brought into contact into thermal contact and isolated from it's surrounding. The total change 
in entropy of system is given by 


T, T. 2T.) 2 
(A) CIn +, (B) C,In — (C) Сла (D) C,In (T. 1 T,) 
2T, T, 27171, 4T, T, 
Ans. (D) 
T, * T, T, C, :dt 
Sol. C(T,-T)=C(T-T) > T= — = : S= E 
= I 
T T 
AS = С hny & AS, = Сћт 
с v pu h v T, 
(TP S NE (nim 
Total AS = C In +C =O joe 
EE" uL" “АТТ, 


0.37 A reversible heat engine A (based on camot cycle) absorbs heat from a reservoir at 1000K and rejects 
heat to a reservoir at T,. A second reversible engine B absorbs, the same amount of heat as rejected by 
the engine A, from the reservoir at T, and rejects energy to a reservoir at 360K. 

If the efficiencies of engines A and B are the same then the temperature T, is 


(A) 680K (B) 640 K (C) 600 K (D) none 
Ans. (C) 
. 1000— T, T, -360 
Sol.  Forheatengine A: n= 1000 > ng” E 
Na> Пв 
1000- T,  T,-360 
so —1000 miner T == 4360x1000 = 600 K Ans. 


Q.38 Whichofthe following statement(s) is/are correct: 
Statement (a): Іп апу closed system with P, V work only, С is always minimized at equilibrium. 
Statement (b): AG is always zero for a reversible process in a closed system. 
Statement (c) : AG? foran ideal gas reaction is a function of pressure. 
Statement (d): Foran irreversible, isothermal, isobaric process ina closed system with P, V work only. 
AG must be negative. 
(A)Statementa, b, d (B)Statementb,c,d  (C)Statement c, d (D) Only statement d 
Ans. (D) 


Q.39 Select the correct statement(s). 
(A) dG = Vdp- SdT is applicable for all process involving both 'PV' and 'non-PV' work in a closed 
system. 
(B) ^S... can not be negative in any adiabatic process in a closed system. 
(C) AU=0 for the combustion of C,H, (а) in a sealed rigid diathermic container. 
(D) In the presence of 'non-PV' work if ( АС, ys p < 0, process must be spontaneous in a closed 
system. 

Ans. (B) 


Sol (A) G-H-TS-U-PV-TS 

dG = dU + PdV + VdP — TdS - SdT 
=q+w+PdV + VdP ~ TdS -SdT 
Fora reversible path q = TdS 
If there is no non-PV work w = — PdV 
dG - VdP - SdT 

(D G=H-TS =U+PV-TS 
at constant 'T' & 'P' 
96, ys = dU + PdV - TdS .— 4+ Wpy + Waon-pv + PAV — TdS 
since Wpy =-PdV 
and in the absence of w ру 
dG... x q "uU TdS, $ 


dG,.. =- T (dS 


ys * dS ur) 


Q.40 Fromthe given T-S diagram ofa reversible carnot engine, find 
(1) work delivered by engine in one cycle 
(i) heat taken from the source in each cycle. 
(ш) А5, in each cycle. 


У, 
50141) W,,=—nRT in y- 
1 


Grey AB 
d a 
=> -Wg = TAS = 600 х 100 
— Wgc =— "Cy (T, - T;) 
— Wep = TAS = 300 x (— 100) 
— Wo, =- "Cy (Т,-Т,) 
net work delivered during one cycle =- №, - Wy. — Wep- Wp, = 300 x 100-30 kJ 
Note : Net work done — area ofthe rectangle 


p DL u y 999 1 
M ow v=" we 2 
=. 230k) 
=  q=heattaken from the source= 7, = рә = + OOKJ 
(ü) А5. =- Sink. also ( +9...) = 30 
sink T Gsource ^ пк 
Qaa 7090 = au 30 kJ 
_ 7 Agink  -(-30000) — 
= 55. T ^ 1]0 100 J/K Ап. 
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Q.42 


Ans, 
Sol. 
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Fixed amount of an ideal gas contained in a sealed rigid vessel (V = 24.6 litre) at 1.0 bar is heated 
reversibly from 27°C to 127°C. Determine change in Gibb's energy (| АС | in Joule) if entropy of gas 
S$- 10-7107? T (J/K) 

dG = V.dP - S.dT ; at const. volume 


AG = УАР- [00+102т)ат === = P,=1 x 400/300 


4 ; т? 
АС = 24.6 х (5-1 x 00-| олоо + 
3 2 2 


ою эю 
2 2 


T 


l 
AG = 24.6 x "us 100 — [1000 + 10? x | 
1 
= 24.6 x "ca 100 — 1000 — 350 = -530 J 


A reaction at 300 К with AG? =— 1743 J ‘mol consists of 3 mole of A (а), 6 mole of B (g) and 3 mole 
of C (g). If A, B and Care in equilibrium in 1 litre container then the reaction may be 
[Given : 2 = €", R = 8.3 J/K - mol] 


(A)A+B=C (B)ASB+2C (Q2A=B+C (D)A+B=2C 
(C) 
AG* - - RTIn K,, 


or, – 1743 =— 8.3 x 300 x Ink, 
k ár 2=k А for reaction 2А — В + C from given data. 
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THERMOCHEMISTRY 


Thermochemistry is the study of the energy and heat associated with chemical reactions and/or physical 
transformations. Thermochemistry coalesces the concepts of thermodynamics with the concept ofen- 
ergy in the form of chemical bonds. The subject commonly includes calculations of such quantities as 
heat capacity, heat of combustion, heat of formation, enthalpy. 

Areaction may release or absorb energy, and a phase change may do the same, such as in melting and 
boiling. Thermochemistry focuses on these energy changes, particularly on the system's energy exchange 
with its surroundings. 


ENTHALPY 


(i) 


(ii) 


Chemical reactions are generally carried out at constant pressure (atmospheric pressure) so it has been 

found useful to define a new state function Enthalpy (Н) (earlier defined in thermodynamics) : 
H=U+PV 

and hence, AH = AU + A(PV) 


Atconstant pressure 
AH = AU + PAV 


Combining with first law, 
AH=q Ў 
Hence, transfer of heat at constant pressure brings about a change іп the enthalpy of the system. 


Enthalpy change, A, H of a reaction-Reaction enthalpy-Heat of reaction 

The enthalpy change accompanying a reaction is called the reaction enthalpy. It may also be defined as 
the amount of heat lost or gained in the chemical reaction, when all the reactants and products are 
maintained at the same temperature and pressure. The enthalpy change of a chemical reaction may be 
givenas 

AH = (sum of enthalpies of products)-(sum of enthalpy of reactants) 

- (v, H) - Sv, H) 


products reactants 


where v is the stoichiometric coefficients of reactants and products, respectively. 


Types of Reactions : 

Exothermic Reactions : Heat is evolved during the reaction. For such reactions A H is negative, which 
implies that 

Уон (products) < >: UgH (reactants) 

Endothermic Reactions : Heat is absorbed during the reaction. For such reactions A Н is positive, 
which implies that 

»j upH (products) > У vg H (reactants) 
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2 ACC- CH-THERMOCHEMISTRY 


1. For a reaction whose АН = +ve and AE = -ve, what will be the classification as exothermic and 
endothermic. 

2. In general, reactions have AH and AE of same sign unless the values of AH and AE are exceptionally 
small 
Factors affecting AH of the reactions are : 
(1) Physical states ofreactants & products 
(ii) Allotropic forms of elements 
(iii) Reaction conditions (constant pressure or constant volume) 


(1) Condition of constant P or V : Heat changes at constant volume are expressed as AE 
Heat changes at constant pressure are expressed as AH 
Also fora change AH = AE+ PAV -— 
where Р is the pressure and AV is change in volume. 
Also AH and AE are related together as 
AH-AE-AnRT — — — (2) 


Where AH and AE are change in enthalpy and change in internal energy for a given change respec- 
tively. 
An, = Moles of gaseous products -Moles of gaseous reactants. 
R= Molar gas constant 
T= Temperature in Kelvin 
NOTE: While using eq. (2) for numerical one should keep in mind that for 
a. For calculation of An, only gaseous moles of reactants and products are considered 
b If An, =0; AH = AE 
с An, may be + ve or—ve integer or fraction. 
d. Put R in the same units in which AH and AE are given. 
e Normally reactions are carried out at constant pressure and therefore, heat changes are to be taken as 


AH unless stated otherwise. 
(ii) Physical nature of reactants and products : 


For reactants: Comune +O.) > СО, AH =-94.3kcal 
opi *O;, F* CO; AH = -97.6kcal 
1 
For products: Н+ A 0,,, > H,0,,,; AH =-68.3kcal 
| * 
He) +5 Ong) > Н.О; AH = -57.0kcal 


Therefore, it is necessary to write physical state of reactants and products while writing thermochemical 
equation. 
(i) ^ Temperature : The variation of AH or AE with temperature is expressed in terms of Kirchhoff's 


equation as, AH, - AH, = АС (Т, - T)) or AE, - AE, = АС (Т, -T,) 


Note : 


E 


b. 


Where AH and AE. are heats of reaction at temperature T, 


AH, and AE, are heats of reaction at temperature T, 
AC, Е 25 VPC product) "7 » VPC Reactant) 


AC, = > ve v product) E 2 Vp eae 


C, and C, are molar specific heats at constant P and V respectively. 


The above expression should be used only when all the gases involved are ideal and reaction occurs at 
constant temperature. 

It is advisable to start with AH = AE + A(PV) which is a general expression and then depending upon 
data appropriate expressions should be used. 


Variation of enthalpy with temperature (Kirchoff's Equation) :- The enthalpy of chemical reactions 


and phase transition do vary with temperature. Although the variation in AH with temperature is 
usually small compared to the value of AH itself. 


consider a reaction AB at temperature T, and pressure P 
AH, 
AC, P) — ÀÀ S B(T,. P) 
T T 
AH, = Je, лат AH, = JC, лат 
T т; 


АН. 


A(T,.P) ——— — —— — —» (Т.Р) 


Since H is state function :- Change in enthalpy in cyclic process is equal to zero. To calculate 
enthalpy change (AH,) at temperature Т, at constant pressure consider cyclic process shown in 
figure. It is clear АН, = change in enthalpy of A when temperature is raised from T, to T, at constant 


pressure. AH, = j Cp adT 
T 


AH, = Change in enthalpy taking 1 mole of B at constant pressure from T, to Т, 


AH, + AH, + AH, = AH, 


= АН, - AH, = AH, + AH, = - AH, = Йе-е) 


> AH, - AH, = АСТ, -T,) 

If A Cp is independent of ‘temperature’ 

Standard enthalpy of Reaction, A Н°: 

As enthalpy ofa reaction depends on the conditions under which a reaction is carried out, it is necessary 
to specify some standard conditions. The standard enthalpy of reaction is the enthalpy change fora 
reaction, when all the participating substance (reactants and products) are in their standard condition. 
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Note : 


2. 


The standard condition are : 

* Solid / liquid / gas should be at 1 bar 

* For substance dissolved in solution concentration should be 1M. 

Standard conditions in Thermodynamics does not specify any temperature. However in Electrochemistry 
itis taken as 298K. 


Enthalpy changes in chemical reactions : 


(1)  Enthalpy of Formation, ДН: 
Itistheenthalpy change when one mole ofa substance is formed from its elements in their most abundant 
naturally occurring form (also called reference states). 
1 
H,(g) + > Ое) — H,O(/) М АН оо) = – 285.8 kJ mol! 
Note : 
l. By convention, enthalpy of formation AH, ofan element in reference state is taken as zero. 
2 The enthalpy of formation can be used to determine the enthalpy change of any reaction as 
AH = 2; aids Н Products) s 2 6,4; Қ 
I 1 
where а, and b; represent the coefficients of the products and reactants in the balanced chemical equation. 
3; AH, data can be used to compare stability of isomer and allotropes 
4. The reference state of commonly used elements are : 
Reference state 
C, graphite) 
S(Rhombic) 
4( white) 
An 
M, [except Hg, nl 
P, (white) 
Illustration 
l. The A,H? (N,O,, g) in kJ/mol on the basic of the following data is : 
2NO(g) + O, (в) —9 2NO, (в) A H° =—114 kJ/mol 
4NO, (g) + O, (g) — 2N,0, (g) A H° =—102.6 kJ/mol 
АН? (NO,g) = 90.2 kJ/mol 
(A) 15.1 (B) 30.2 (C) - 36.2 (D) None of these 
Ans. (A) 
l 
Sol. №) + 2 O (e) —9 NO(g) АН? = 90.2 


1 
2 
N,(g) + Ор) —> 2NO(g) AH? = 90.2 х 2 Xe р. 


2NO(g) + O (g) — 2NO (g) AH°=-114 (2) 


—102.6 


1 
2NO,(g) + 5 Ов) —> №0,(р) АН? = =-— 51.3 WE 
Addition of (1), (2) and (3) equation 


5 
№8) + 5008) —> N,O(g) АН (№0, в) = 15.1 kJ/mol 


Exercise 


1. How much heat will be required at constant pressure to form 1.28 kg of CaC, from CaO(s) & C(s) ? 


Given: A,H® (CaO, s) = — 152 kcal / mol. 
AH? (CaC,, s) - — 14 kcal / mol 
АН? (СО, g) = — 26 kcal / mol 
(A) + 112 kcal (B) 224 kcal (C) 3840 kcal (D) 2240 kcal 
Ans. (D) 


(2) Enthalpy of Combustion, Д.Н : 
It is the enthalpy change when one mole of the substance undergo complete combustion to give 
combustion products. 
CH,(g) +20,(g) —> CO,(g) + 2H,O(/) ; А.Н = — 890.8 kJ mol! at 298 К. 


The combustion products ofthe substances are 


E: Combustion products 


C О, sraphite) 
H,0,, or HO, [depends on condition] 
Zig) 
Illustration 
1. The heat of combustion of sucrose, C,, H,,O, (s) at constant volume is - 1348.9 kcal mol" at 25°С, 


then the heat of reaction at constant pressure, when stem is produced , is 
Sol.  Thecombustion equation of sucrose is 


C4H54,0,,(s) + 120,(9) —— 12CO,, (g) + 11H,O(g) 
Here, 
An, =sum of gascous product moles - sum of gaseous reactant moles 
= 11 
AH = ДЕ + Ап ВТ, 
Here, AE = - 1348. 9 kcal 
R =2.0 cal,T =25 +273 =298K 
. AH = (- 1348.9 х 1000) + 11 x 2x 298 
= - 1348900 + 6556 = - 1342344 cal 
=- 1342 . 344 kcal 
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Exercise 
1. For the given heat of reaction, 
(i) C(s) + О, (g)=CO,(g) + 97 kcal (ii) CO,(g) + C(s) = 2CO(g) - 39 kcal 
the heat of combustion of CO(g) is : 
Ans. 69kcal 
(3) Enthalpy changes during phase transformations : 
(i) Enthalpy of Fusion, A, . H : It is the enthalpy change that accompanies melting of one mole ofa solid 
substance at constant temperature (melting point of solid) and pressure. 
for example, 
H,O(s) — H,O(/) ; A, H=+ 6.01 kJ mol"! 
(ii) ^ Enthalpy of Vaporisation, А, Н: 
It is the enthalpy change required to vapourise one mole of a liquid substance at constant temperature 
(boiling point of liquid) and pressure for example : 
H,O() —9 H, Olg) ; АН = + 40.79 kJ mol! 
(iii) ^ Enthalpy of Sublimation, A, „Н: 
It is the enthalpy change required to sublime one mole ofa solid substance at constant temperature and 
pressure. For example 
CO,(s) —> CO,(g) ; å „Н = +25.2 kJ mol! 
(iv) Enthalpy of Transition : 
It is the enthalpy change when one mole of one allotropic form changes to another under conditions of 
constant temperature and pressure. For example 
C(graphite) —— C(diamond) А, Н = 1.90 kJ mol! 
Iilustration 
1. The heats of combustion of yellow phosphorus andred phosphorous are - 9.19 KJ and - 8.78 KJ 
respectively, then heat oftransition of yellow phosphorus to red phosphorous is 
Sol i) P, (yellow ) + 50, (в) —_, РО +9.19 KJ 
ii) P.(red) +50, (8)  ———, P,O,, * 878 KJ 
Subtracting , P (yellow ) - P,(red ) = 1.13 KJ 
=> Р (yellow )= P (red ) + 1.13 KJ 
So, heat of transition of yellow tored phosphorusis -1.13 KJ 
Exercise 
1. The heat of transition for carbon from the following 
Cpiamona + O;(9g) —9 CO(g) AH= - 94.3 Kcal 
C amorphous + O:(9) ——9 CO;(g) AH= - 97.6 Kcal 
Ans. 3.3K J/mol 


(4) Bond Enthalpies (Bond energies), А, „Н: 

The bond enthalpy of diatomic molecules like H,, CL, О, etc. may be defined as the enthalpy change 
when one mole of covalent bonds ofa gaseous covalent substance is broken to form products in the gas 
phase, under conditions of constant pressure and temperature. For example 

Cl,(g) — 2CK(g) ; Ac, (FH = + 242 KJ mol"! 

0,(g) — 20(g) ; Ag 9H =+428 kJ mol"! 
In case of polyatomic molecules, bond dissociation enthalpy is different for different bonds within the 
same molecule. In such cases, mean bond enthalpy is used. Mean bond enthalpy may be defined as the 
average enthalpy change to dissociate a particular type of bond in the compounds. 
In gas phase reactions, the standard enthalpy of reaction, A Н, is related with the bond enthalpies of 
reactants and products as 
AH? = X bond enthalpies (reactants) — X bond enthalpies (products) 
= У e ofreactants ~ X є of products 


Illustration 


1. For the reaction 
М,Н, (g) —9 NH, (g) + H,(g) A H° = 109 kJ / mol 
Calculate the bond enthalpy of N=N. 
Given : В.Е. (М-М) = 163 kJ/mol, B.E. (М-Н) = 391 kJ/mol, B.E. (H-H) = 436 kJ/mol 
Sol Theequation: 


AH = 109 = ey. y +464 н –Єн-н 72 EN-H — €N-N 


€ yen = 163 + 2 х 391 — 436 — 109 = 400 kJ/mole 


Exercise 


1. What is the Bond energy (In kJ/mol) of C-H in Methane from the following data? 


AH, [CO, (g)] = – 394 kJ / mol 
AH, [H,0 (/)] = – 285 kJ / mol 
AH. timation (Carbon (graphite); =+ 716 kJ/mol 
AH ccsbustion [CH,(g)] = — 890 kJ / mol 
Bond energy (H-H) — 435 kJ/mol 


Ans. 415kJ/mol 


(5) Ionisation Enthalpy (AH) 
It is the enthalpy change when an electron is remove from an isolated gaseous atom or in its ground state 
under conditions of constant temperature and pressure. 
X(g)—o X'(g)*c- 


(6) Electron Gain Enthalpy (A, H) 
Itisthe enthalpy change when an electron is added to a neutral gaseous atom to convert it into a negative 
ion under conditions of constant temperature and pressure. 
X(g)+e —> X (е) 
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(7) Lattice Enthalpy (АН) 
The lattice enthalpy of an ionic compound is the enthalpy change which occurs when one mole of an ionic 
compound dissociates into its ions in gaseous state under conditions of constant temperature and pressure. 
Na*CI (s) —9 Na'(g) + CI (g); 
Aya, Н = + 788 kJ mol! 
Lattice enthalpy can also be defined for the reverse process. In that case the value of AH, ,. will be 
negative. 
Born- Haber Cycle For NaCl: 
This cycle is based on thermochemical changes taking place in the formation of a lattice. This cycle 
can be used to determine lattice energy which cannot be directly measured. It is defined as that 
energy released when one mole of the ionic compound (lattice) is formed its isolated ions in the 
gaseous state under standard condition. 
nA""(g) + mB"(g) — АВ (5) 
AH = – U (lattice energy) 


Formation of NaCl(s) lattice involves thus. 


5+1+ 209 -Eg-U-q 


hence, О can be calculated. 
here, 5 = enthalpy of sublimation of Na(s) = AH 
| = ionisation of energy of Na(g) = АН, ation 
є = bond energy of Cl, 
U = lattice energy 
q = enthalpy of formation of NaCl(s) = AH mation 
If lattice is MgX,(s) then 
S$+(1,+1L)+e-2E-U=q 
where, (1, + L) = total ionisation energy to form Mg?*(g). 


sublimation 


Illustration 
1. Calculate lattice energy for the change, 
Li*(g) + Cl'(g) > LiCl(g) 
Given that 
АН, blimation of Li = 160.67 kJ mol, AH bpissociation of Cl, = 244.34 kJ mol', 


ionisation Of Li(g) = 520.07 kJ mol'!, AH, 4 of Cl(g) = — 365.26 kJ mol", 
AH, of LiCl(s) = — 401.66 kJ mol. 
Sol. Considering the different changes that occur in the formation of solid lithium chloride based on the 
date given the lattice energy of the above can be constituted as : 


1 
AH? = AH. + АНЕ + 3 AHpiss. + АНЕ 4 + АҢ 


AHpi. – SHE, 


1 
ог АН. = AHP – АН, ы – АНЕ 7 5 


= — 839.31 kJ mol! 


(8) 


(9) 


(10) 


Enthalpy of Atomisation, A H : 
It is the enthalpy change when one mole ofa substance is completely dissociated into atoms in the 


gaseous state, under constant pressure and temperature condition. 
For example 
H,(g)——> 2H(g) ; А.Н = 435.0 kJ mol! 
CH,(g) —9 C(g) + 4H(g) ; А.Н = 1665 kJ mol"! 


Enthalpy of Hydration, А, Н: 
It is the enthalpy change when one mole ofan anhydrous (or partly hydrated) compound combines with 
the required number of moles of water to form a specific hydrate at the specified temperature and 
pressure. For example : 

CuSO,(s) + 5H,O(/ —9 CuSO, - 5H,O(s) ; АН = — 78.20 kJ mol! 


Enthalpy of Solution, А, Н: 
It is the enthalpy change when one mole of a substance is dissolved in a specified amount of solvent 
under conditions of constant temperature and pressure. When large volume of solvent is taken, the 
enthalpy change is called enthalpy of solution at infinite dilution. For example 

NaCl(s) —> NaCl(aq) ; A „H = + 4kJ mol! 


ог, NaCl(s) —> Na* (aq) + СЇ (aq) ; A „H = + 4kJ mol"! 


Illustration 


Sol. 


100 gm of anhydrous CuSO,, when dissolved in excess of water produces 42 kJ of heat. The same 
amount of CuSO,. 5H,O on dissolving in large excess of water absorbed 4.60 kJ. What is the heat of 
hydration CuSO,? 


100 
100 gm of CuSO, = 159.5 mole 


42x159.5 


Heat of solution of CuSO, per mole = – «6 66.99 kJ => —67 kJ 


0 
100 gm of CuSO,. 5H,O= 7 —z mole 


24 
Heat of solution per mole (CuSO,. 5H,O) = 4.6 х = 11.477kJ 


100 

Now, CuSO,(s) + ад. —> CuSO, (ад) ; AH =— 67 kJ mol"! 
СиЅО (ад) —>CuSO,.5H,O+aq; AH-- 11.477 kJ mol! 
CuSO,(s) + 5 H,O —> CuSO, .5H,O; AH = ~ 78.477 kJ mol"! 

7. Enthalpy of hydration of CuSO (s) ; AH —— 78.477 kJ mol! Ans. 


(11)  Enthalpy of Neutralisation A Н: 
It is the enthalpy change when one g-equivalent of an acid and one g-equivalent of a base undergo 
complete neutralisation in aqueous solution and all the reactants & products are at the same specified 
temperature and pressure. 
HCl(aq) + NaOH(aq) —> NaCl(aq) + HO(/) ; АН =- 57.7 kJ eq'! 
The enthalpy of neutralisation of strong acid and strong base is always constant (— 57.7 kJ eq”, 
independent from the acid and base taken. However, the magnitude of enthalpy change of neutralisation 
decreases when any one of the acid or base taken is weak. 
The value (-57.7 kJ eq !) is the value when acids and bases are taken in their infinitely diluted state. If 
acids and basis are having some other concentration, then value will di ffer. 
Illustration 
1. Heat of neutralization (AH) of NH,OH and HF аге— 51.5 and —68.6 kJ respectively. Calculate their 
heat of dissociation? 
(1) НСІ (aq) + NaOH (aq) —9 NaCl (aq) + H,O; АН = ~ 57.3 kJ 
(ii) НСІ (aq) + NH,OH (aq) —9 NH,Cl (aq)+H,O; AH--51.5 kJ 
(weak base) 
Sol ~. The heat of dissociation of NH ОН, 
AH 7 —51.5- (-57.3) = 5.8 kJ 
Similarly we have 
HF (aq) + NaOH (aq) —o NaF (aq) + H,O ; AH =- 68.6 kJ 
7. The heat of dissociation of HF, 
AH = ~ 68.6 - (-57.3) = ~ 11.3 kJ 
Exercise 
1. Calculate А „„ Hof HA. If bond dissociation energy of H-A is 5 KJ/mol 
Ans. ~ 52.7 KJ/mol 
(12) Resonance energy : 


When two or more double bond are in conjugation, there is possibility of delocalization of electron 
through conjugation. The Phenomenon is called resonance. Due to resonance, the molecule gain 
stability. The actual structure of molecule is average of many possible canonical structure possible 
for molecule. When ever there is possibility of Resonance energy is difference in energy of most 
stable canonical structure and energy of actual molecule. 


When ever there is possibility of resonance in molecule, the molecule become more stable and bon 
breaking become difficult. 
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Calculation of resonance energy using bond energy : 
Resonance energy can be calculated using the formula 
AH (Actual) — AH (theoretical) = resonance energy of products — Resonance energy of reactants 


The proof of above formula is given by following diagram. 
Consider a reaction 
A(g) + B*(g)  C(g) + D*(g) 


where (*) showing that molecules exhibit phenomena of resonance. Remember where ever resonance 
take place, bond breaking become difficult. 


Actual energy required to break a bond is equal to € — resonance energy 


actual ^ Stheoretical 


АН, 
Ag + Вр) —e С) + Digi 


€,— RE, €, €,— RE, 


| ы 


AH ual 7 EA + Єв - R-Eg - {єє + єр - К.Е} 

АН 7 (Eq + Eg — Ec - Ep) + К.Е - К.Р, 
[AH у [^ AH theoretical = R.Eproucts = R.E reactants] 

Note : The value of resonance energy may be positive or negative, but assign it’s sign on the basis 

that resonance always increases the stability and decreases the energy of molecule. Due to resonance 

in a molecule, bond breaking become difficult hence actual energy required to break a bond = 

theoretical bond energy — resonance energy. 


Illustration 


1. 


Sol. 


Calculate resonance energy of C,H, (g). 
Given: AH, [C,H,(g)] = – 360 kJ mol! 

AH,,, [C(graphite)] = 716 kJ mol" 

B.E. у =437 kJ mol"! 

В.Е. = 620 kJ mol 

B.E. с = 340 kJ mol"! 

B.E. ,, 7 490 kJ mol! 
For C,H, 
6 C(s) + ЗН, (g) — C,H, ; AH,,, = – 360 kJ mol 
= – [3 (C-C) + C = C) + 6(C-H)] + [6C, , g * 3 (H-H)] 
= – [3 х 340 + 3x620 + 6 х 490] + [6 x 716 +3 x 437] 
= – 5820 + 5607 = — 213 kJ mol" 
7, Resonance energy = Exp. AH, - Calculated AH, 

= — 360 — (-213) =-360 + 213 = — 147 kJ mol”! 


^. AH 


cal 
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Ехегсїзе 


1. The standard molar enthalpies of formation of cyclohexane (/) and benzene (/) at 25°C are — 156 and 
+ 49 kJ mol" respectively. The standard enthalpy of hydrogenation of cyclohexene (/) at 25? C is 
– 119 kJ mol". Use these data to estimate the magnitude of the resonance energy of benzene. 

Ans. 152 КЈ 


Different types of standard enthalpy changes (Based оп IUPAC recommendations) : 


1 
Enthalpy of formation K()*5 Cl,(g) — KCl(s)| One mole of the Ad? or АН°, 


compound formed 
from its elements 


Enthalpy of combustion| C,H,(g)+O,(g) > One mole of the ACH? or АН". 
CO,(g)3H,O(/) | compound (fuel) is 
burnt completely in 
oxygen 


Enthalpy of fusion Н,О(5) > H;O(g) One mole of the Apus H° or AH? ias 
liquid is formed from 
the solid without a 
change in temperature 


Enthalpy of vaporisatiog H,O(/) > H,O(g) One mole of the 
vapour formed the 
from the liquid 
without a change 
in temperature 


Enthalpy of sublimation} 1,(g) — 1,(g) One mole of the A 
vapour formed 
the solid 


H° ог АН", a 


sub 


Enthalpy of atomisation| H,(g) > 2H(g) One mole of the A,,H® or AH®,, 
substance broken into 
isolated atoms in the 
gas phases 


Enthalpy of reaction Enthalpy change АН" or АН, 
taking place іп а 
reaction 


Enthalpy of HCl(aq) + NaOH(aq) —| Опе mole of water 

neutralisation H,O + NaCl(aq) formed by the 
neutralisation of an 
acid by a base 


Enthalpy ofionisation | Na(g) > Na'(g) + e | One mole atoms Aon He or AH*,, 
ionised-all species in 
gaseous phase 


Electron-gain enthalpy | X(g) > е" — X (g) One mole of anions A,,H" ог AH’ g 
being formed all 
species in the 
gaseous phase 


Lattice enthalpy NaCl(s) > One mole of a crystal ^, H° or AH®, ог U 
Na'(g) + Cl'(g) completely separated 
into isolated particles 
in the gaseous phase 


Bond dissociation HCl(g) — H(g) + Cl(g) | One mole of bonds 
enthalpy (bond A — B) broken — all produce 
in the gaseous phase 


Enthalpy of solution NaCl(s) + H,O(excess) | One mole of the AoH? or AH? o 
— NaCl(aq) solute dissolved in 
excess of solvent 
so that further 
dilution produces no 
enthalpy change 


Enthalpy ofhydration | X*(g) — X*(aq) One mole of the ion ApygH® or AH", a 
in gaseous phase is 
hydrated 


Enthalpy of mixing pure substancemixture | One mole each of | A,,,H* or AH". 
the two or more 
substances is mixed 


CALORIMETRY - MEASURING HEATS OF REACTIONS 


All calorimetric techniques are based on the measurement of heat that may be generated (exothermic 
process), consumed (endothermic process) or simply dissipated by a sample. There are numerous methods 
to measure such heat. Any process that results in heat being generated and exchanged with the environment 
is a candidate for a calorimetric study. 
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A calorimeter is a device used to measure heat of reaction. In order to measure heats of reactions, we 
often enclose reactants in a calorimeter, initiate the reaction, and measure the temperature difference 
before and after the reaction. The temperature difference enables us to evaluate the heat released in the 
reaction. 


Two basic types of calorimetry are discussed : 
(a) measurement based on constant volume. 
(b) measurements based on constant pressure. 


A calorimeter may be operated under constant volume which measures internal energy change AU by 
bomb calorimeter or constant (atmosphere) pressure , which measures enthalpy change Delta Н by 
calorimeter Whichever kind to use, heat capacity ofthe calorimeter is required. 

The heat capacity is the amount of heat required to raise the temperature of the entire calorimeter by 1 
K, and it is usually determined experimentally before or after the actual measurements of heat of reaction. 
The heat capacity of the calorimeter is determined by transferring a known amount of heat into it and 
measuring its temperature increase. 


Bomb calorimeter (AU measurement) : For chemical reactions, heat absorbed at constant volume, 
is measured in a bomb Calorimeter. In this Calorimeter, a steel vessel (the bomb) is immersed in a water 
bath. A combustible substance is burnt in pure oxygen supplied in the bomb. Heat evolved during the 
reaction is transferred to the water around the bomb and its temperature is monitored. Since the bomb 
Calorimeter is sealed, its volume does not change, i.e., the energy changes associated with reactions are 
measured at constant volume. 
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ignition coil sample steel bomb 


Since volume does not change, a bomb calorimeter measures the heat evolved under constant volume, 
qy» 

q, = САТ, 

where AT is the temperature increase. The q, so measured is also called the change in internal energy, 
AE. 

AE=q,=C x AT 
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Illustration 


1. A calorimeter with heat capacity equivalent to having 13.3 moles of water is used to measure the heat of 
combustion from 0.303 g of sugar (C,,H,,0, |). The temperature increase was found to be 5.0 К. 
Calculate the heat released, the amount of heat released by 1.0 g, and 1.0 mole of sugar. 

Sol. Heatreleased, q, 

q, = 13.3 х 75.2 x 5.0K 

= $000 J 
The amount of heat released by 1.0 g would be, 

5000 J/0.303 g= 16.5 КЈ/ g 
Since the molecular weight of sugar is 342 g/mol, the amount of heat released by 1.0 mole would be 
16.5 342 = 56431 kJ/mol. 


2. The temperature of a calorimeter increases 0.10 К when 7.52 J of electric energy is used to heat it. 
What is the heat capacity of the calorimeter? 

Sol Dividing the amount of energy by the temperature increase yields the heat capacity, C, 
С =7.52 / 0.10 = 75.2 JK. 


Exercise 


1. The heat released by one mole of sugar from a bomb calorimeter experiment is 5648 kJ/mol. Calculate 
the enthalpy of combustion per mole of sugar. 
Ans. 5648 kJ/mol 


Note: 

More heat is giving of if the reaction is carried out at constant pressure, since the P-V work (1.5 КТ) 
due to the compression of 1.5 moles of gases in the reactants would contribute to dH. If 1.0 mole water 
is decomposed by electrolysis at constant pressure, we must supply an amount of energy equivalent to 
enthalpy change, dH, a little more than internal energy, dE. More energy must be supplied to perform the 
P-V work to be done by the products (H, and O,). 


(ii) АН measurement: Measurement of heat change at constant pressure (generally at atmospheric pressure) 
can be done in a Calorimeter shown in the figure. In this case, the Calorimeter is left open to atmosphere. 
Asthe reaction occurs in the Calorimeter, the temperature change is noticed and then heat of reaction is 
measured with the knowledge of heat capacity of Calorimeter system. 
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bomb calonmneter 


sieci catonmeter oxygen 


The heat capacity of the calorimeter can also be determined by burning an exactly known amount of a 
standard substance, whose enthalpy of combustion has been determined. Benzoic acid, С. А, 1,0,, is one 
such standard. The problem below illustrates the calculations. 


Hlustraion 


in 


When 0.1025 g of benzoic acid was burnt in a bomb calorimeter the temperature of the calorimeter 
increased by 2.165? C. For benzoic acid AH? pmp = -3227 kJ mol". Calculate the heat capacity of the 
calorimeter. 


Sol The equation forthe combustion is, 
C,H,O,(s) + 7.5 O,(g) > 7CO(g) + ЗН,О(), АН? = 3227 IJ 
Since 7.5 moles of O, gas is needed, and 7 moles of CO, is produced, some pressure-volume work is 
done, to the calorimeter: 
PV= An, R T, where An = (7 - 7.5) = - 0.5 mol 
AE = AH - An, RT 
= - 3227 - (-0.5 x 8.314298 x 298) 
=- 3226 kJ/mol (a small correction) 
The amount of heat produced by 0.1025 g benzoic acid is 
q = 0.1025/122.13 x 3226 = 2.680 kJ 
Thus, the heat capacity is 
C=q,/ AT =2.680 / 2.165 = 1.238 kJ / K. 
After the heat capacity is determined, the calorimeter is ready to be used to measure the enthalpy of 
combustion of other substances. 
Exercise 
1. When 0.7022 g of oxalic acid (C,O,H,) is burnt in the calorimeter. The temperature increased by 


Ans, 


1.602°C. The heat capacity of the calorimeter is 1.238 kJ/K. Calculate AH°comb. 
-250.6 kJ/mol 


Q.1 


Q.3 


Ans. 


QA 
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SOLVED EXAMPLE 


Benzene burns according to the following equation 
2C.H4 ) + 15 О, (g) —9 12 CO, (g) + 6Н,0(/) AH? = -6542 KJ 
What is the AE? for the combustion of 1.5 mol of benzene 


(A) -3271 kJ (B)-9813 kJ (C) — 4906.5 kJ (D) None of these 
(D) 
An7-3 


AH? = AE? + (An,)RT 
=> — 6542 = AE® + (—3)(8.31)(298) x 10-3 => AE? = — 6534 kJ 


What is the value of change in internal energy at | atm in the process 
H,O (/, 323 К) —> H,O (g, 473 К) 


Given: Caton = 75.3 JK^'mor' ;C uto; = 33.314 JK^'mor' ЈАН, а1373 K=40.7 kJ/mol 


(A) 109.1 kJ/mol (B) 37.6 kJ/mol (C) 43.86 kJ/mol (D) 48.36 kJ/mol 
(С) 
Н,0 (/, 323 К) —9 H,O (g, 473 К) 
H,O (/, 323 К) åU, H,O (/, 373) EN UNA H,O (g, 373) _&40 + H,O (g, 473) 
(for solid and liquid C, « Cy) 

and | AU - AU, * AU, * AU, 

= C, ,AT+(AH,- Ап КТ) +С „АТ 

75.3х50 E Баш (33.314 - 8.314)x100 
= =~ + 7 -——————— ——— 
000 1000 1000 
AU x 43.86 kJ/mol 


3 
S(s) + 3 0,(g) —9 SO,(g) + 2x kcal 


1 
SO,(g) + 3 Og) —» SO,(g) + y kcal 


Find out the heat of formation of SO,(g) 
(A) (y - 2x) (B) (2x * y) (C) (x * y) (D) 2x/y 
(A) 


The molar heat capacities at constant pressure (assumed constant with respect to temperature) of A, B 
and C are in ratio of 1.5 : 3.0 : 2.5. If enthalpy change for the exothermic reaction A + 2B ——» 3C at 
300 K and 310 K is AH, and AH, respectively then 

(A) AH, > AH, 

(B) AH, < AH, 

(C) AH, = AH, 

(D) If T,» T, then AH, > AH, & if T, < T, then AH, < AH, 

(C) 

AC,73x25-1x1.5-2x320; 2. AH,= AH, 
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Q.5 


Ans. 
Sol. 


0.6 


Ans. 
Sol. 


Q.7 


Solid CaSO ,2H.O is taken in a container fitted with a frictionless piston initially containing no other 
gases. The external pressure is maintained at 1 atm and the container is heated till the equilibrium is 
achieved, 

CaSO,-2H,O(s) = 2CaSO (s) + 2H,O (g) 
If AH? = +30 Kcal/mol and AS? = +40 cal / К, at what temperature equilibrium will be established in the 
container, (Ignore variation of AH, and AS, with temperature.) 
(A) 600 K (B) 750K (C) 700 K (D) 300K 
(B) 
At Eq. AG° = 0 
AH? = TAS? 


o 


=> T= = 750 К 


7 AS? 
For the reaction 


1 
CO(g) + 7 О, (g) —> СО,(а) 


using data given in table find out incorrect statement(s) among the following. 


| | AH?(KJ / mole) | S% /Kmole) 
CO) | -10 | +197 | 


о o | æ 
CÓ, (g) 


Assume vibration modes of motion do not contribute to heat capacity at low temperature. 
(A) AH? > AU? for the reaction at 298K. 


1 
(В) In standard state condition, the reaction CO(g) + - О, (2) — CO,(g) 


attain equilibrium at very high temperature. 


d(AH)? 
(C) At low temperature -—iv 
dT 
(D) Ina CO, О, fuel cell electrical energy obtained by cell > | AH? ыш [CO (8) II 
(A) 
AH*- AU* = An, RT 
since An, = — ve 
= АН? ~ 40° < 0 
AH? =- ve 
3 5 
AS?--ve ; Сое ЕЕК . "ae 
AC, =-ve 
The heat of vaporisation : AH, of CCl, 
at 27°C is 42 kJ/mole 
CCL (2) -—> CCL(g) : AH „= 42.0 kJ / mole 


If | mole of liquid ССІ, at 27°C has entropy of 214 J/K mole, what is the entropy (in J/K-mol) of 1 mole 
of vapour in equilibrium with liquid at this temperature. 
(A) 74 (B)454 (C) 354 (D)254 


Sol. 


Q.8 


Ans. 
Sol. 


Q.9 


Sol. 


Q.10 


Sol. 


19 


(C) 
If liquid CCL, is in equilibrium with it's vapour’s them 
AH Ln 

300 


42,000 
300 = Scenie) — 214 J/K mole 


140 + 214 = 354 J/K mole 


"AS Sece - Seco 


If AH „анов Of substance X (/) (molar mass : 30 g/mol) is 300 J/g at it's boiling point 300 K, then 
molar entropy change for reversible condensation process is 
(A)30J/mol.K (B)—300 J/mol.K (С) 30 J/mol.K (D) None of these 


(C) 


AH = 300 x 30 J/mol 


АН аа» -300х30 
condensation " T. => 300 


bocding pocnt 


vaporisation 


AS J/mol.K => – 30 J/mol.K Ans. 


The following sequence of reaction occurs in commercial production of aqueous nitric acid. 


4NH,(g) + 5O,(g) —9 4NO(g)+6H,O(V/) AH--904kJ ..(1) 
2NO(g) - O,(g)— 2NO,(g) АН =-1120Ј ..(2) 
ЗМО, (8) + H,0(/)—9 2HNO,(aq)+NO(g) АН --140kJ ..(3) 
Determine the total heat liberated (in kJ/mol) at constant pressure for the production of exactly 1 mole of 
aqueous nitric acid from NH, by this process. 
(A) 986 (B) 493 (C) 246.5 (D) None of these 
(B) 


3 3 3 
1 mole of HNO, = 3 moles of NO, — 5 mole of NO — > mole of NH, 


RE ; eoo - (3 ;ju»-( ; 40) = 493 к] / mo 


== — х — х — 
2 4 2 2 2: | 
Heat liberated = 493 kJ/mol 


If АН, orisation Of (CH), О (0) is 350 J/g at it's boiling point 300 К, then molar entropy change for 
condensation process is 

(A) 86.33 J/mol.K (B)-86.33J/mo.K (С) –1.16 J/mol.K (D) 1.16 

(B) 


= 350 x 74 J/mol 
— AH 


vaporisati on 


AH 


vaporisation 


AS а x: T 


boiling point 


E —350x74 


za fi А * 
300 J/mol.K 86.33 J/mol.K Ans. 


Q.11 


Ans. 
Sol. 


Q.12 


Ans. 


Q.13 


Sol. 


Calculate AG (inkJ) for the reaction at 300 K, 
Н, (g) + Cl, (g) —9 2HCI(g) 
Given at 300 К : BE,, ,, 7 435 kJ mol" , ВЕ, с, = 240 kJ mol! , ВЕ, у = 430 kJ mot! 
Entropies of H,, СІ, and НСІ аге 131, 223 and 187 ЈК”! mol respectively. 
(A) 191 (B) 291 (C) -191 (D) None ofthese 
(C) 
АН = (435 + 240—2 х 430) = – 185 kJ mol” 


_ 2x187-(131-223) 20 


е kJ mol 
1000 1000 
AG = AH - TAS 
«pp OUO Mu TB id inf 
ae щш 2 x = 


NH,(g) + ЗСІ, (e) — NCI,(g) + ЗНСІ (g); -AH, 

N,(g) + 3H,(g)  2NH,(g); AH, 

Не) + Cl,(g) —> 2НСІ (g) ; AH, 

The heat of formation of NCI, (g) in the terms of AH, , AH, and AH, is 


AH, 3 AH, 3 
AH, 3 
(C) AH, = AH, - 2-5 AH, (D) None 


(A) 


IfAg,O (s) is exposed to atmosphere having pressure | atm and temperature 27°С. Under these conditions 
comment whether it will dissociate spontaneously or not. 
2Ag,0 (s) ==> 4Ag(s) + О, (g) 


Given: AH; (kJ/mol) AS? (J/Kmol) at 27°C 
Ag(s) 0 42.0 
Ар,О (s) — 30 121.0 
Оу) 0 204.0 


(Air consist of 20% О, by volume) 
Take : R = 8.3 ЈК то! 
AG? = AH? - TAS? 
AH? = AH; (product) — AH? (reactants) 
= 2х 30 = 60 КЈ 
AS? = 204 + 4(42) – 2(121) = + 130 
AG? = AH? — TAS? = 60000 — 300 x 130 
AG? = 21000 Ј= – RT ћ К 
_ | 21000 ) 
log K=- | 300x8.3x2.3 
К =2.15 x 104 atm 
e dissociation of Ag,O is nonspontaneous at 27°C 


Q.14 


Ans. 
Sol. 


Q.15 


Sol. 


Q.16 
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A 500 gm sample of water is reacted with an equimolar amount of CaO (both at an initial temp of 25°C). 
What is the final temperature of the product? [Assume that the product absorbs all of the heat released 
in the reaction] Heat produced per mol of Ca(OH), is 65.2 kJ and specific heat Ca(OH), is 1.2 J/g?C. 
(A) =735°С (B) =760°С (C) =746°C (D) «789*C 

(B) 

No. of moles of H,O = No. of moles of CaO = No. of moles Ca(OH), produced = 500/18 

СаО + H,O ——› Ca(OH), 


500 
Total heat released = TY x 65.2x1000 J 


500 
Mass of Ca(OH), produced = ]8 x74 om 


wx T4x1.2x(T-25) = ŠT «65.2100 


88.8(T — 25) = 65200 А Т = 734.23 + 25 => 759.23°С 


The enthalpy of formation of ethane and benzene from the gaseous atoms аге 2839.2 and 5506 КЈ/ 
mol respectively. Bond enthalpy of C=C bond is 
Given: Resonance energy of benzene =—23.68 KJ/mol 
Bond enthalpy of C-H bond = 411.0 KJ/mol 
(А) 373.98 KJ/mol  (B)63224KJ/mol (С) 647.5 KJ/mol (D) 1896.72 KJ/mol 
(B) 
-2839.2 = 0 — [6 x 411 + АН с] 
AH c-c = 373.2 KJ/mol 
6C(g) + 6 Н(в)——> CH2) 
АН heoritica = 2 — [6 х 411 + 3 х 373.2 + 3x] 


R.E. = Actual - Theoritical 
—23.68 = -5506 + [6 х 411 + 3x 373.2 + 3x] 
3x = 5506 — 23.68 — 2466 — 1119.6 


x=632.24 KJ/mol ог АН = 632.24 KJ/mol 


The reaction СН (в) + Cl,(g) —э CH,CI(g) + HCl(g) has AH = —25 KCal. 


Bond 
Bond| Energy 


From the given data, what is the bond energy of CI—CI bond 
(A) 70 kCal (B) 80 kCal (C) 67.75 kCal (D) 57.75 kCal 
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Ans. (D) 


Sol -25 х 10° cal =+E, „+ Eqa- (Ec a+ Epa) = x *y - (84 * 10° + 103 x 10°) cal 
x+y= 162 х 10° cal 
9 2x10 
arty „ОРОС 95 Keel 


E 


Q.17 Ethylchloride (C,H,CI), is prepared by reaction of ethylene with hydrogen chloride: 


C,H,(g) + HCl (g) —9 C;H,Cl (g) AH = - 72.3 kJ 
What is the value of AE (in kJ), if 98 g of ethylene and 109.5 g of HCl are allowed to react at 300 К. 
(A) - 64.81 (B)-190.71 (C) -209.41 (D) - 224.38 


Ans. (C) 


98 109.5 
Sol No. of mole of C,H, = 28 ^^ No. of mole of HCl (Limiting Reagent) = ~~~ = 3 


36.5 
AH = AE + An, RT: a 3 = AE * (-1 x 8.314 x 300y1000 
AE 7 — 69.80 ; Ffor three mole AE = -69.80 x 3 => —209,41 kJ/mol Ans. 


Q.18 (i) Determine A,H* (NO, г) at 25°C. Using the following information 
A,H? (CO,, g) =-393.5 KJ/mol 
2NO(g) + O,(g) —> 2NO,(g) ; A H° =-114.0 KJ/mol 
2CO(g) + O(g) —> 2CO,(g) ; ? =—566.0 KJ/mol 
4CO(g) + 2NO,(g) —9 4CO.(g) + Ng; AH? = -1198.4 kJ/mol 


(1) Calculate the equilibrium pressure (in Pascal) for the conversion of graphite to diamond at 25°C. 
The densities of graphite and diamond may be taken to be 2.20 and 3.40 g/cc respectively 


independent of pressure. 
Given : AG’ (C (graphite) > С mn )= = 2900 J/mol. 
Sol (0 2CO(g) + Ое) —> 2CO,(g) ; A H° = 566.0 KJ/mol 


NO.(g)—9 NO(g) + U20.(9); АН? = 114/2 KJ/mol 
2CO,(g) + 1/2N,(g) —> 2CO(g) + NO, (g) ; AH? = 1198.4/2 kJ/mol 


l l 
2 N,(g)+ 59268) > NO(g) ; A,H* (NO, в) = 90.2 KJ/mol Ans. 
(i) AG,—AG,=AV[P,-P,] 


l 1 
= —— == І 
AM = 12 х ts A 10:5 mmol 


EE х1076 = 1.925 x 10° mmol”? 
Let P, is SAN pressure; AG, = 0; Р, = 1 Баг= 105 Pa 
0 — AG, =-1.925 x 10% [P, — 1] 
2900 = 1.925 x 10% [P, - P4] 
290 — 
2° 925x105 
=> 1506.5 x 105 + 10° 
Р,= 1.50 х 10° Ра Ans. 


Q.19 


Ans. 
Sol. 


Q.20 


Sol. 


Q.21 


Sol. 
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Which of the following do(es) not represent AH formation of the product. 


1 2 

(1) > H(8) + (aq) —> H (aq) шт 0,(g) — O(g) 
(Ш) МН; (g) * CI (g) — NH,CI(s) (IV) P (black) + 50, (g) —9 P,O,,(s) 
(V) Reaction representing AH suction Of C (graphite). 
(A) LIV, V (B) II, IV (C) IL, IH, IV (D) II, HI, IV, V 
(C) 
(I) AH, of H* 
(V) AH, of CO,(g) 

II > Ов) —9 O,(g) AH, O, 


| | 
Ш —> 7% +29,+ 5 Ch AH, NH,CI 
IV 2 P, (white) +...... AH, P,O,, ; option (C) 


White phosphorus is a tetra-atomic solid P (5) at room temperature. 


P 


Еа N 
Ми 
Find average (Р-Р) bond enthalpy in kJ /mol. 


Given: AH of P, (s) = 59 kJ/mol 
of P, (s) = 1265 kJ/mol 


sublimation 


atomisation 


265 – 
e-n- 126-5950 


Calculate the strength of H-bond between F (g) and СН,СООН (g) from the given data. 


AH ши КЕ CH,COOH(s)] in glacial acetic acid = —3 kJ/mole 
AH, ution [KF(s)] in glacial acetic acid = +35 kJ/mole 
Lattice Enthalpy KF(s) = +797 kJ/mole 
Lattice enthalpy of KF.CH,COOH(s) = +734 kJ/mole 
АН [CH,COOH(/)] = +21 kJ/mole 


KE.CH,COOH(s) + пСН;СООН ——+ K*(gla.) + F7 (gra.) 


+734 


K'(g) *CH;COOHF iz) 
| Ең 
Í 


K*(g) + CH;COOH(g) = F~(g) 
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0.22 


Sol. 


Q.23 


Ans, 
Sol. 


-3 = +734 + E,- 797 + 35-21 
E, =-3 — 734 – 35 + 797 + 21= + 46 kJ/mole 


Find the Bond enthalpy (in kJ/mol) of one "three centre two electron bond" in B,H, 
{B-H-B —› 2B(g) + H(g)} from the given data. 


AH? [BH,(g)] = 100 kJ/mole AH? [B,H,(g)] =36 kJ/mole 
AH m [B(s)) = 565 kJ/mole AH em = [H4(g)] = 218 kJ/mole 
н І H 
а Ик. 2 
не NY Nu 
3 
B. E. of B-H: B(s)* = H, 9 , BH, (g) 
ЗЕ, ,, = 565 + 654 — 100 |+565 [3218 ЗЕ. 
B(g) + 3H(g) 
Ec = 373 


2B (s) + 3H,(g) —36 BH, 


| | N-- 
—— 2B (р) +6Н (г) 2Ев-н-в 
2E, yep = 2 * 565 +6 218-36 —4 x 373 
2p up 7 455 kJ/mol =4.55 х 10? kJ/mole 


For the reaction 


1 
CO(g) + 5 О, (g) — CO,(g) 


using data given in table find out incorrect statement(s) among the following. 


| |AH?(KJ mole) | S/ Kmole) 


+197 


Assume vibration modes of motion do not contribute to heat capacity at low temperature. 
(A) AH? > AU? for the reaction at 298K. 


1 
(В) In standard state condition, the reaction CO(g) + > О, (g) — CO,(g) 


attain equilibrium at very high temperature. 


C)Atlow a RN 
(C) At low temperature dT ^ —ve 
(D) Ina CO, О, fuel cell electrical energy obtained by cell > | AH? rion [CO (в) JI 


(A) 

AH?- AU? = An RT 
since Ап = — ve 

= АН? - 40° < 0 


Q.24 


Sol. 


Q.25 


Ans. 
Sol. 


Q.26 
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AH? -- ve 


3 5 
AS*-- ve = yee oe > t - AC, 7 - ve 


At temperatures above 85 K, decarboxylation of acetic acid becomes a spontaneous process under 
standard state conditions. What is the standard entropy change (in J/K-mol) ofthe reaction. 
CH,COOH (aq) —9 CH,(g) + СО (р) 


Given: AH? [CH,COOH (aq)] =~ 484 kJ/mole 
AH; [CO,(g)] = 392 kJ/mole 
AH? [CH,(g)] = -75 kJ/mole 
At 85 К the process must be at equilibrium under standard state condition: 
AG? - 0 
AH? AE e. 3 
AH*-TAS* => — AS -——- IL - 2.00 x 10? J/K-mol 


The enthalpy changes of the following reactions at 27°C are 


1 
Na(s) + > Cl, (g) —» NaCl (s) AH 7-411 kJ/mol 
H,(g) + S (s) + 20, (g) —9 H,SO, (/) AH =-811 kJ/mol 
2Na(s) + S(s) + 20, (g) —> Na,SO,(s) AH--1382 kJ/mol 
1 I 
5 H,(g)+ 5 Clg) —э НСІ (g) A H=-92 kJ/mol; R=8.3J/K-mol 


from these data, the heat change of reaction at constant volume ( in kJ/mol) at 27°C for the process 
2NaCI (s) + H,SO, (/) —9 Na,SO, (s) + 2НСІ (g) is 


(A) 67 (B) 62.02 (C) 71.98 (D) None 
(B) 
2NaCl(s) —» 2Na(s) + Cl,(g) AH -411 х 2 kJ/mole 
H,SO,(/) —9 H,(g) + S(s) + 20,(g) AH -811 kJ/mole 
2Na(s) + S(s) + 20,(g) —9» Na,SO,(s) AH =-1382 kJ/mole 
H,(g) + СІ, (е) — 2HCl(g) AH —-184 kJ/mole 
2NaCl(s) + H,SO, (/) —э 2HCl(g) + №а,50 (5) AH=67kJ/mole 
67= pa. OU sao EU | 

E 006, 8 Е эса 


Calculate |A,G?| for (NH,CI, s) at 350 K. 


Given: A,H*(NH,CI, s) = 314.5 kJ/mol 
Sw, 7192JK^mol!; и, (гу = 130.5 К-то! 


Scrie) =223 JK mol; унсиз) = 94.5 JK^mol!; All given data at 300K. 


350 
AC, = —20 J/mol-K ; DE = 0.15 
= 300 
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Sol. 


0.27 


Ans. 


Sol. 


Q.28 


Ans. 


P РА 
A,S° (NH,CI, s) at 300 К = SNH,CIs)— ES *28,4, +58 A 


=945— [51924 2130543223) 


= 94,5 — (96 + 261 + 111.5) 


A, S300 = 374 JK^!mol 
; 350 
A Sito = A, S300 + ES 
= 374 - 20 x (0.15) =-377 JK-! mol! 
AH310 = ДН; + A,C,[350 – 300] 
"Ө SOM LL iis 
— io = 
A, Сз = А,Н° -T.A,S° 
adp AE 183.55 kJ/mol 
--315.5- 1006 => -183. /mo 
I^, G3sol = 183.55 kJ/mol => 183 КЈ/тоЇ 


If enthalpy of hydrogenation of C,H,(/) into C,H,.(/) is—205 kJ & resonance energy of C,H,(/) 
—152 kJ/mol then enthalpy of hydrogenation of 1,4-cyclohexadiene (/) is 

Assume AH, of C,H,(/), C,H,(I), C,H, (2 all are equal 

(А)—535.5 kJ/mol (B) —238 kJ/mol (С)—357 kJ/mol (D) None 

(B) 


С.к O 


= AH, - AH, =- 152 
= AH, =- 152 - 205 =- 357 
» dí М ^w -357 


= + —C—C— = — / c 
= *H,— GOK 5 -- 119 )Jmole 


= @ sal ЪЁ АН=+2х(—119)=— 238 kJ/mole 
2 Sot 


The enthalpy of gas phase trimerization of one mole of gaseous formaldehyde in (kJ/mole) 
Bond energies (kJ/mole) 


=> 


07770 
3H,CO (g) — Ve (g) 700 
(A)—20 (B)-60 (C) -10 (D)-50 


(A) 


Q.29 


Ans. 
Sol. 


Q.30 


Sol. 
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AH = єс, -2 Ec-0 => 700 — 720 = – 20 kJ/mole 


Calculate the enthalpy change for the given reaction from data provided (kJ/mole) 


HA (g) + Bg) — AHB() 
(weak acid) (weak acid) (Salt) 

AH, гавго AA (aq) [at infinite dilution] / B(ag)[at infinite dilution] }=—40 kJ/mole 
АН, usos [HA(g)] =—10 kJ/mole {at infinite dilution} 
AH usos 18(8)) =-5 kJ/mole {at infinite dilution} 
АН, „о [HAB(sS)) =+8 kJ/mole {at infinite dilution} 
(A)-36 (B) -63 (C) -45 (D)-37 
(B) 

HA (g) * Big)  —3H , AHB (s) 
*nH50 AH, +nH,0 АН» +nH,0 AH, 


HA(aq) * B(aq) . 55 , A (aq) + B'(aq) 
AH = AH, + AH, + AH, - AH, 
i-i 5-8-40- ~63 kJ/mole 


Estimate AH? ине. = from the given data. 


AH of Hydrogenation of © 


step (i) С) (g) + H(g) — С) (g) : AH =- 156 + 37 = -119 kJ/mole 


IN 7 NHN 


step Gi) CH СН; + H,— CH; CH,: AH --18- 44 > – 62 kJ/mole 


E CONS 
step (iii) | PE ц J: AH peores =119)х2-62 = – 300 kJ/mole 
i N 
н 
АН for (iii) =— 300 + 125 = | -175kJ/mole| Ап. 
К.Е, 
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Q.31 


Ans. 
Sol. 


Q.32 


Sol. 


(g) ) 
AH, | ө, | - АН, | Qul. as 
AH; (Qe) =— 50 + 175 => +125 


final step AH? | og = +125 – 40 = | +85kJ/mole ANS. 


The standard enthalpy of atomisation of PCL (g) is 195 Kcal/mol. What will be the standard enthalpy of 
atomisation of PCI, (g), ifthe bond dissociation energies of axial P-CI bonds in PCI.(g) are 10% lesser 
and the bond dissociation energies of equatorial PC] bonds in PCI, (р) are 10% higher than the bond 
dissociation energies of P-CI bonds in PCI (g). 

{(A)195Keal/mol (В) 325 Kcal /mol (C) 331.5 Kcal/mol (D) 318.5 Kcal / mol 

(C) 

PCl,(g)—» P(g)* 3CKg) 

3BE, с = 195 kcal/mol 


BE, с = 65 kcal/mole T 
equitorial Che 
in PCI, 3P — CI bonds are equatorial | ч. äi 
BE, ¢(eq) = 65 x 1.1 =71.5 kcal | oe 
BE, (axial) = 65 x 0.9 = 58.5 kcal CI—— 1, 


PCI (g)—> P(g)+ 5Cl(g) 
3BE, су + 3BEP-Cl(axial) = 3 x 71.5 +2 х 58.5 = 331.5 kcal 
(equatorial) 


AH = 331.5 kcal. 
An important reaction in production of smog is 
NO, (g) + hv —9 NO (g) + О (g) 
If light of wavelength 4.4 x 10 7 m is used to cause above reaction. Calculate N — N bond enthalpy. 
Given: AH, [NO(g)]=91 kJ) то!  ; h-6.6*x10?*Js 
AH,[N,O, (g)] - 9 J mol! ; с= 3 х 105 ms"! 
АҢ, = 498 kJ mol”! - N, 76x 103 
NO, (g) + hv —>NO(g) + O(g) 
AH for the reaction 
he 
AH = М, х X 


6.6x107* x 3x10* 


= 6 x 1023 x 
44x107 


=+ 270 kJ mol"! 
for the reaction, 
NO, (0) —э NO (g) + Olg) 


AH = 2 AH, produci 7 АН Reactant 


498 
* 270 kJ mol =91 + —7- AH, ко 


АН о, = + 70 kJ mol! 


Now for the reaction, 
2NO, (g) — №,0, (в) 


AH = Уан, Product -J AH, Reactant 
=+9- (2 x70)=- 131 kJ mol! 


Thus bond energy for № N bond = + 131 kJ mol"! 


Saved /storage/emulated/0/Pictures/TouchShot/ 


20170808 232239. 


(ii) 


Gi) 


CHEMICAL KINETICS 


Chemical kinetics is the branch of physical chemistry that deals with the study of rate of reactions and the 
factors governing rate of reaction. 


Important applications of kinetic studies are given below : 

1. In determination of rates of reactions and factors governing rates. 
2. In predicting the conditions for maintaining the reaction rate 

3. In determination of yield of reaction in certain time period. 

4. In calculating the time required for completion ofa reaction. 

5. In deciding the mechanism ofa reaction. 


TYPES OF REACTIONS 


On the basis of reaction rates, the chemical reactions have been classified into the following three groups:- 
Very fast or instantaneous reactions : These reactions occur at a very fast rate. Generally these 
reactions involve ionic species and known as ionic reactions. 
These reactions take about 107! seconds for completion. 
Examples : (i) AgNO, + NaCl > AgCl + NaNO, (Precipitation reaction) 

(PPL) 


(ii) НСІ + NaOH — NaCl + H,O (Neutralization reaction) 
(acid) (base) (salt) 


Moderate reaction : These type of reactions proceed with a measurable rates at normal temperature, 
In this a large number of bonds have to be broken in reactants molecules and a large number of new 
bonds have to be formed in product molecules. Mostly these reactions are molecular in nature. 
Examples: 
(i) Decomposition of H,O, : 2H,0, + 2H,0 +O, 
(ii) Decomposition of N, 9s: 2N. 20; -=> 2N, о, + о, 
(iii) Hydrolysis of ester : CH, :С00С, H, + NaOH — СН, COONa + C,H,OH 
(iv) Reaction of NO with оше: NO +Cl, > NOCI, 
(v) Inversion of cane sugar in aqueous solution : C А НО, ,7 HO эс «НО, e Н 0, 
мсоўе 
(vi) 2ЕеСІ,(ад.) + SnCl, — 2FeCl,(aq.) + SnCl,(aq.) 
(vii) NO, + CO + NO + CO, 
(viii) Decolourisation of acidified potassium permanganate with sodium oxalate. 


Very slow reactions : These reactions are extremely slow and take months together to show any 
measurable change. The rate of such type of reactions are very slow. So, it is also very difficult to 
determine the rate of these reactions. 
Examples : 
(i) Rusting of iron : Fe,O, +xH О —› Ее, О, xH,O 
Hydrated ferric oxide (Rust) 
(ii) Reaction between H, and O, to form H,O at ordinary temperature in absence of catalyst. 
(iii) Reaction of atmospheric H,S on basic lead acetate paint. 


White basic lead acetate paint = Ei Blackening of paint very slowly 


(due to formation of Pbs) 


Note: The chemical reactions can be slowed down or speed up by changing conditions under which 


they occur. e.g. CO + 2H, —— =" > CHOH (very slow reaction) 
semp 


The reaction can be speeded up by maintaining temperature around 400?C, pressure about 300 atm and 
using a catalyst containing ZnO and Сг,О,. 


RATE OF REACTION 


The change in concentration of either reactant or product per unit time. 


dc 
Formula: r= di 


dc is change in concentration of reactant or product in a small time interval dt. 


Example: N, + 3H, > 2NH, 
(i) Rate of formation of ammonia =+ — 
(ii) Rateofdisappearanceofnitrogen = E 
AT Я _ d(H;] 
(їп) Rate of disappearance of hydrogen = — dt 
.  _ , 1 dINH] №] 1 d[H;] 
Rate of reaction = + or ee et a 


2.1 AVERAGE RATE AND INSTANTANEOUS RATE OF REACTION 


A difficulty arises in stating the rate of reaction as above. This is because according to the Law of 
Mass Action, the rate of reaction depends upon the molar concentrations of reactants which 
keep on decreasing with the time (while those of the products keep on increasing) . Therefore, the 
rate of reaction does not remain constant throughout. 

Thus the rate of reaction as defined above is the ‘average rate of reaction’ during the time interval 
chosen. 

To know the rate of reaction at any instant of time during the course of a reaction, we introduce 
the term ‘instantaneous rate of reaction’ which may be defined as follows : 

The rate of reaction at any instant of time is the rate of change of concentration (i.e. change of 
concentration per unit time) of any one ofthe reactants or products at that particular instant of 
time. 

To express the instantaneous rate of reaction, as small interval of time (dt) is chosen at that particular 
instant of time during which the rate of reaction is supposed to be almost constant. Suppose the 
small change in concentration is dx in the small interval oftime dt. Then the rate of reaction at that 


" FoU dx 
instant is given by dt 


2:3 


Measurement of the Rate of Reaction 

In order to measure the rate of a reaction, the progress of the reaction is followed by studying the 
concentration of one of the reactants or products at different intervals of time. The most common 
practice to do so is to withdraw small amount of the reaction mixture (2 cm? or 5 cm) at different 
intervals of time, cool it down immediately to nearly 0? C to arrest the reaction (called freezing the 
reaction) and then find out the concentration of the reactant or the product by suitable method 
usually by titration against a suitable reagent. However, this method is not preferred when some 
observable property like volume, pressure, optical rotation etc. changes with time and can be 
observed directly at different intervals of time without stopping the rcaction. It is important to 
mention that except concentration, all other factors (like temperature etc.) which affect the rate of 
the reaction are kept constant during the kinetic study of the reaction. 
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If concentration of one of the reactants is studied at different intervals of time and these values are 
plotted against the corresponding times, a graph of the type shown in figure may be obtained. 


Calculation of instantaneous rate of reaction 

To know the rate of the reaction at any time t, a tangent is drawn to the curve at the point 
corresponding to that time figure and it is extended on cither side so as to cut the axes, say at 
the points A and B. Then 


Change in the concentration 


Rate of reaction = : 
Time 


Ax ОА 
"A ion Slope of the tangent 
Thus the slope of the tangent gives the rate of reaction. 
For example, from the (figure) in the present case, at time t = 10 minutes, Ax = 0.04 mole and 
At = 20 minutes = 20 x 60 = 1200 seconds, therefore, rate of reaction at the end of 


10 minutes will be 0.04/1200 = 3.33 x 10* mol L's". 


Calculation of the average rate of reaction : 
To calculate the average rate of reaction between any two instants of time say t, and t,, the 
corresponding concentrations x, and x, are noted from the graph. Then 


X5 = х 


Average rate of reaction = 


1—9 
For example, from the (figure) between the time interval 5 to 15 minutes, 


Average rate = a = E 20.0018 and mol L” min” 
If concentration of one of the products is plotted against time, the type of curve obtained and the 


rate of reaction at any instant of time are calculated as shown in the figure. 


—— 


A PRODUCT р 


CONCENTRATION OF REACTANT (MOLL) 
CONCENTRATION OF 


P 
i 
4 
Ц 
' 
i 
' 
D 
' 
i 
' 
i 


3 0 15 20 25 MET 


TIME TIN MINUTES) M9 


Illustration 


Sol. 


Decomposition of NO, is expressed by the equation, 
N,O, —> 2NO, + 40, 
If ina certain time interval, rate of decomposition of N,O, is 1.8х 10° mol litre’ min”, what will be 
the rates of formation of NO, and O, during the same interval ? 
The rate expression for the decomposition of N,O, is 


_ AIN205] _ 1 A[NO;] ,. 40] 
At 


At 2 At 


A[NO;] _ , A[N;0,] 
So —— = 2 ——£—— 
At At 
= 3.6 x 10? mol litre ! min? 
МО] 1 А[№0;] _ 1 ; 
md м gp Co ES 


= 0.9 x10 ? mol litre ' min" 


=2 x 1.8 х 10° 


ш A[N50,] . 2 
{Magnitude of rate is always positive and hence = —- = taken positive. 

A gaseous reaction : 2A(g) + B(g) ^ 2C(g), 

Show a decrease in pressure from 120 mm to 100 mm in 10 minutes. The rate of appearance of C is 


(A)2mm/min (B)4 mm/min (C) 10 mm/min (D) 12 mm/min. 


Ans. (B) 


Sol. 


P 


Suppose 2p is the pressure of C after 10 min. 

Fall in pressure of A — 2p я Fall in pressure of B =p 
Total fall in pressure = (2p + p) - 2p = p=20 mm 

Pressure of C = 2p =40 mm 


Rate of appearance of C = 40/10 = 4 mm/min 


For the reaction : 4NH,(g) + 50 (2) ^ 4NO(g) + 6H,O(g) 


a =3.6х 10? тої! <! 


Given: 


Calculate : (i) rate of disappearance of ammonia (ii) rate of formation of water 
From the eqn. it is clear that 


Rate =- 


1 
4 d 4 dt 6 dt : 4 dt 4 dt 


d(NH,] | d[NO;] _ -3 АГЫ 1 _ 1 d[H;O] 
а" ae =3.6х 10° molf s Also ч айат 


or = 


w 


d[NO] _ а[н,о] 


at at 


һә! 


m| w 
x 
e 
© 
х 
— 
© 

w 
ll 


э _ Ф[н;О] 


5.4 x 10 dt 


Exercise 


Ans. 


In a reaction the concentration ofa reactant (A) changes from 0.200 mol litre” to 0.150 mol litre ' in 10 


minutes. What is the average rate of reaction during this interval? 
0.005 mol litre min" 


Factors Affecting the Rate of Reaction 


Concentration : According to law of mass action greater is the conc. of the reactants, the more rapidly 


the reaction proceeds. 


Pressure (Gaseous reaction) : On increasing the pressure, volume decreases and conc. increases and 


hence the rate increases. 


Temperature : It is generally observed that rise in temperature increases the reaction rate. It has been 


found that rate is either doubled or tripled for every 10°C rise in temperature. 


3.2 


3.3 


Nature of the reactants : The rate depends upon specific bonds involved and hence on the nature of 
reactants. 


Surface area of the reactants : In heterogeneous reactions, more powered is the form of reactants, 
more is the rate. [as more active centres are provided] 


Catalyst : Affects the rate immensely. 
LAW OF MASS ACTION, RATE LAW AND RATE CONSTANT 


Law of mass action : (Guldberg and Wage 1864) This law relates rate of reaction with active mass or 
molar concentration of reactants. According to this law, "At a given temperature, the rate ofa reaction at 
a particular instant is proportional to the product of the reactants at that instant raised to powers which 
are numerically equal to the numbers of their respective molecules in the stoichiometric equation describ- 
ing the reactions.” 

Active mass = Molar concentration of the substance 


_ Number of gram molcof the substance W/M Qn 


Volumein litres V V 


Where W = mass of the substance, M is the molecular mass in grams, 'n' is the number of g moles and 
V is volume in litre. 


Consider the following general reaction, m,A, +m,A,+m,A, — Products 


Rate of reaction oc [A, Г [А, "m [A, 


Rate law : The actual relationship between the concentration of reacting species and the reaction rate is 
determined experimentally and is given by the expression called rate law. 


For any hypothetical reaction, aA +bB— cC + dD 
Rate law expression may be, rate = k[A]" [B] 


Where m and n are constant numbers or the powers of the concentrations of the reactants A and B 
respectively on which the rate of reaction depends. 


(i) Rate of chemical reaction is directly proportional to the concentration ofthe reactants. 


(ii) Therate law represents the experimentally observed rate of reaction, which depends upon the slow- 
est step of the reaction. 


(їп) Rate law cannot be deduced from the relationship for a given equation. It can be found by experi- 
ment only. 


Rate constant : Consider a simple reaction, A — B. If C, is the molar concentration or active mass of 


dx dx 
A ata particular instant, then, — аг“ Саг ac kC; Where К is a proportionality constant, called 


velocity constant or rate constant or specific rate of a reaction. 


d 
Ata fixed temperature, if C, = 1, then Rate = = =k 


3.4 


3.5 


"Rate ofa reaction at unit concentration of reactants is called rate constant." 
(1) The value of rate constant depends on, Nature of reactant, Temperature and Catalyst 
(It is independent on concentration of the reactants) 


C litre] 4 4 
(ii) Unit of rate constant : em Xsec 0Or-|[.— | х sec 


Where n = order of reaction 


Difference between Rate law and Law of mass action 


Rate law Law of mass action 


It is an experimentally observed law. It is a theoretical law. 


It depends on the concentration terms on It is based upon the stoichiometry of 


which the rate of reaction actually depends the equation 
Example for the reaction, aA + bB — Product Example for the reaction, aA + bB— Products 
Rate = k [A]" [B]" Rate =k [A]  [B]" 


Difference between Rate of reaction and Rate constant 


Rate of reaction Rate constant 


Itis the speed with which reactants are It is proportionality constant. 

converted into products. 

It is measured as the rate of decrease of It is equal to rate of reaction when the 

the concentration of reactants or the rate concentration of each ofthe reactants is unity. 


of increase of concentration of products 
with time. 


It depends upon the initial concentration of It is independent of the initial concentration of 
the reactants. the reactants. It has a constant value at fixed 
temperature. 


ORDER OF REACTION 


The order ofa reaction may be defined as the sum of the powers to which conc. terms must be raised in 
an experimentally determined rate equation : 
For the reaction : aA + bB > product 
Experimental rate equation: r=k [A]" [B]- 
order with respect to A=m 
order with respect to B ^ n 
Total огдег= m + n 
m and n may or may not be equal to a and b. 


Note : Order may be zero, fractional, integer or negative. 


Example: 


H, + Cl, > 2HCI r=k zero 


H, + Br, > 2HBr r=k [H,] [Br,]'” oneand half 
Н, +1, > 2HI r-k [H;] [L] two 


Examples of fractional order reaction 
Reaction: — CO(g)* CL(g) » COCL(g) 

v 7 КСО] [CI,]"^, order = 2.5 
Reaction: — COCL(g)5 CO(g) + CL(g) 

v =k [COCI;] "^, order = 1.5 


illustration 
1. The dimensions of rate constant ofa second order reaction involves : 
(A) time and concentration (B) neither time nor concentration 
(С) time only (D) concentration only 
Ans. (А) 
Rate  molL'!'S"! 6" Bet 
SoL k [A] T (то)? = mol Up? = (mol L ) 5 
2: The rate constant ofa reaction has same units as the rate of reaction. The reaction is of 
(A) zero order (B) first order (C) second order (D) none of these 
Ans. (A) 


Sol Fora zero order reaction, r= k(A]". Thus the units ofk are the same as that of rate of reaction. 


X On which of the following factors, the rate constant does not depend ? 

(A) Temperature (B) Concentration (C) Presence of catalyst (D) Nature of reactants 
Ans. (A) 
Sol Rate constant is independent of the conc. of the reactants. 


Exercise 
The rate constant of n^ order has units 


(A) litre! "mol" "sec ! (B) mol'"litre""sec (С) mol” titre" sec’ (D) mol" "litre" "sec 
Ans. (D) 


1 


5. MOLECULARITY 


The number of reacting species (atoms, ions or molecules) taking part in an elementary reaction, which 
must collide simultaneously in order to bring about a chemical reaction is called molecularity ofa reaction. 
The reaction can be unimolecular when one reacting species is involved, forexample, decomposition of 
ammonium nitrite. 


NH,NO, —> №, + 2H,O 


Bimolecular reactions involve collision between two species, for example, dissociation of hydrogen 
iodine. 
2HI — > Н, +1, 
Trimolecular reactions involve simultaneous collision between three reacting species, for example, 
2NO + О, —э 2NO, 


Molecularity of a reaction is : 


() 
(ii) 


(a) 


(b) 


(c) 


5.1 


Always a whole number (not zero) and never a fraction. 


The probability that more than three molecules can collide and react simultancously is very small. Hence, 
the molecularity greater than three is not observed. 


Thus, from the above discussion we can conclude the following: 


Order of a reaction is an experimentally determined quantity. It can be zero and even a fraction but 
molecularity cannot be zero ora non integer. 


Order is defined to elementary as well as complex reactions whereas molecularity is defined only for 
elementary reactions. For complex reaction molecularity has no meaning, 


For an elementary reaction order and molecularity are same. 


Example 
МО»? eases unimolecular 
ILTL22H  — — —— bimolecular 


2FeCl, + SnCl,— 2FeCl, + SnCl,...... trimolecular 


Note : If the reaction takes place in two or more steps then the overall molecularity of the reaction is 
monitored by the slow or rate determining step. 


Difference Between Molecularity and Order of Reaction 


Molecularity Order of Reaction 


1. Molecularity can neither be zero nor fractional Order ofa reaction can be zero, fractional 
or integer 
2. Itis independent of pressure and temperature It depends upon pressure and temperature 
3. Itis assigned for each step of mechanism It is assigned for overall reaction as well as 
separately each step of reaction. 
4. It is the number of molecules of reactants It is sum of powcr raised to the concentration 
concentration terms taking part in elementary step | ofthe rate expression. 
ofa reaction. 
5. Molecularity of reaction cannot be negative Order ofa reaction may have negative value. 
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6.1 


INTEGRATED RATE LAWS FOR DIFFERENT ORDER OF REACTIONS 


dx 
Differential rate law (rate = и” K.[Conc.]") expressed the dependance of rate of reaction on con- 


centration of reactants. Upon integrating the differential rate law, we get integrated rate law expression 
which is aconcentration-time equation from which we can calculate concentration at any time (1) or the 
time required for an initial concentration to reach any particular value. The integrated rate law expression 
for different reactions have been discussed below : 


Zero order reaction : Reaction whose rate is not affected by concentration or in which the concentra- 
tion of reactant do not change with time are said to be of zero order reaction. 
Calculation of Rate Constant : Let us take the reaction 

A—— Product 


conc. at t=0 a 0 
& ЦАР, = ek; dx =kd 
a MAT. а 7k E 


or, [а = Е kdt 


conc. of A at, time t= 0 is [A], =a (say) 


x 
Integrated rate equation, k = Г The rate of reaction is independent of the concentration of the reacting 
substance. 
a a 
Half life period of zero order reaction : When t=t p; X= 3327 эр heta The halflife 


period is directly proportional to the initial concentration of the reactants. 


mole $ : : 
Unit of Rate constant : — pue ; Unitofrate of reaction = Unit of rate constant. 


Characteristics of zero order reactions: 


(1) Concentration of reactant decreases linearly with time. 
(ii) Unit ofk is mol F! time". 
A 
(ш) ^ Timerequired for the 100% completion of reaction is М. 
_ [Alo 
(iv) t 3^ 2 k 


(v) Zero order reaction must be a complex reaction 
(vi) Graph related with zero order reactions. 
conc. x Rate 1 


[P] 


[^] 


tme time time a 


Examples : 


hot Pt. 


1 
(i) H,(g)+Cl,(g) 5» ,2HCl(g) (0) ^  N,O(g) N, (g) + 5 О, (в) 


Surface 


(au) 2МН, (g) NE ae N,+3H, (iv)  Enzymecatalysed reaction 


Substrate(S) — ЁТЕ) , product (Р). 


Illustration 


The rate constant for a zero order reaction is 2 х 10? mol L^!sec"!, if the concentration of the reactant 
after 25 sec is 0.25 M, calculate the initial concentration. 


Ans. 0.75 М 

Sol. 2х 102 х 25 = [A,-0.25] 
0.5-A,— 025 ^ Ap =0.75 

Exercise 
A certain substance A is mixed with an equimolar quantity of substance B. At the end ofan hour A is 75% 
reacted. Calculate the time when Ais 10% unreacted. (Given: order of reaction is zero) 

Ans. 121г 

6.2 First order reactions 


For the reaction : A—> Products 

Rate of reaction x [A]. 
For the reaction : 2A—— Products 

Rate of reaction « [A] only. 
For the reaction : A+B—> Products 


Rate of reaction x [A] or [B] only. 
Let us consider the simplest case viz. 
A — Products 
Suppose we start with ‘a’ moles per litre of the reactant A. After time t, suppose x moles per litre 
of it, have decomposed. Therefore, the concentration of A after time t = (а — x) moles per litre. 
Then according to Law of Mass Action. 
Rate of reaction x (a— x) 


ie, Ax (a-x) or Š -k(a-x) esso (1) 
where k is called the rate constant or the specific reaction rate for the reaction of the first order. 
The expression for the rate constant k may be derived as follows : 
Equation (1) may be rewritten in the form 
dx 


а-х 


= Каі ЕА a 
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Integrating equation (2), we get [2 - [ kdt 


or k--Iln—— . | | | |  J .... (3) 


or k= log —— eevee 4) 


Equation (4) is sometimes written in another form which is obtained as follows : 


If the initial concentration is [A], and the concentration after time t is [A], then putting a= [A], and 
(a— x) = [A] equation (iv) becomes 


.2303, [Alo 
ke log [A] TN S) 
Further, putting a = [A], and (a — x) = [A] in eqn. (3), we get 
[Alo 
kt ^ In [A] 


which can be written in the exponential form as 


[А _ kt [А] _ -kt 
A 9*( ° 


or [A] = [A], e * E 


Characteristics of First Order Reaction : 


(i) Unit of rate constant is time”. 
.693 
@ „= "өз (Half-life) 


k 
(ш) log (a - x) v/stisastraight line with slope — 2303 


(iv) | Graph related with first order reactions. 


tme hene 


Examples: 

(1) Radioactive disintegration is а first order reaction. 

G) —C,H,0,, + Ho SEES BOS сн о + CHO, 
(glucose) (fructose) 

(ш) Mineral acid catalyzed hydrolysis of esters. 


(iv) ^ Decomposition of H,O, in aqueous solution. 


13 


Illustration 
1. A reaction which is of first order with respect to reactant ‘A’ has a rate constant of 6.0 min. If we 
start with [4] =0.5 mol L~', when will [4] reach the value of 0.05 mol L. 
(A) 0.384 min (B) 0.15 min (C)3 min (D) 3.84 min 
Ans. (A) 
2.303 a 
S f[-——h£—— 
k а—х 
2 
Or r= = р. ЕЕ 2305 0384 min. 
6 0.05 6 6 
2. The reaction 


1 
N,O, (in CCl,) > 2 NO, + 2 О, (g) is first order in N,O, with rate constant equal to 6.2 x 10^ s. 


What is the value of rate of reaction when [N,O,] = 1.25 mol L"'? 


(A) 7.75 x 104 mol 17! s^! (B) 6.35 x 10? mol 17! s^! 
(С) 5.15 x 105 mol 17! s! (D) 3.85 x 104 mol 12! s?! 
(A) 


Reactionrate =k [N,O,] = 62 x 10%. 1.25 = 7.75 x 104 mol L's! 


A first order reaction is 20% completed in 10 minutes. Calculate the time taken for the reaction to go 
to 80 % completion. 
Applying first order equation, 


а 2.303 i 100 _ 2.303 i 100 si 
- t 08 0100—20) 10 2 ву со 
Again applying first order equation, 
2.303 100 2.303 100 


t= —— 


k 108.5 (100 —80) = 0.0223 1081050 = 72.18 min 


The rate of the first order reaction X — products is 7.5 x 104 mol 17! min!, What will be the value of 

rate constant when the concentration of X is 0.5 mol L!? 

(A)3.75x 104s! (В)2.5х 10% s7?! (C) 1.5 x 103 s! (D) 8.0 x 104 s7! 

(B) 

Rate of reaction =7.5 x 10? mol L min"! 

зх“ 
60 

Rate of reaction = & [concentration. of reactant X] 


125x107 
5 


mol L! s= 1.25 x 105 mol L^! s7! 


Ork =2.5x10 5s! 
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Exercise 


Ans. 


6.3 
(i) 


(ii) 


In a first order reaction, the concentration of the reactants is reduced to 25% in 1 hour. The half life 
period ofthe reaction is 


1 | 
(A) 2h (B) 4h (C) 5h (D) 7’ 
(C) 


Second Order Reaction : 


For the given reaction. 
nA ——» products 
: ^ "m " 
Differential rate equation dr -k(a-x) 
1 
. ог kt= a 
a(a—x) a-x a 
Is the above rate constant w.r.t. reaction or disappearance. 


: 1 
Integrated rate equation К = Т 


For the given reaction. 
A + Вэ products 

attimet=0 a b 
attimet=t a-x b-x 

: J dx 
differential rate equation ak =k (a—- x) (b- x). 

. 2.303 b(a - x) 

Integrated rate equation К = —— —,- t081 


t(a—b) -"a(b-x) 

Characteristics of Second Order Reaction : 

(i) Unit of rate constant L mol! time ~. 

(ii) tzt a^! (In general tj, а'!-"), n = order of reactions). 

(ui) 2™ order reaction conforms to first order when one of the reactant is in excess. 


Examples: 

(1) Saponification (hydrolysis of esters catalysed with alkali). 
CH,COOC,H, + NaOH —» CH,COONa + C,H,OH 

(i) Hydrogenation of ethane C,H,+ H,.. 19" € , C. H.. 

(ш |20,—330, 


6.4 


(i) 


(ii) 


(ii) 


(iv) 


15 


n'^ Order reaction 
Consider the reaction 
nA — Product 


1 1 1 

kt = прн Е [nz 1, n = order] 
1 201.1 

tue? k(n-)| а" 


АТ ! 


slope = (n – К 


t 1 fa" I 


What is the 'k' involved in the rate law rate constant w.r.t. reaction or w.r.t. disappearance 
METHODS OF DETERMINATION OF ORDER OF REACTIONS 


A few methods commonly used are given below : 


Hit & Trial Method : It is method of using integrated rate equations, where the experimental values of 
a, x & tare put into these equations. One which gives a constant value ofk for different sets of a, x & 
t correspond to the order of the reaction. 


Graphical Method : 
(1) Aplot of log (a—x) versus '' gives a straight line for the First order reaction. 
(ii) A plot of (a—x) "versus 't' gives a straight line for any reaction of the ordernexcept n=1. 


Half Life Method : The half life of n^ order reaction is given by t, , ос 17а"! 
By experimental observation of the dependence of half life on initial concentration we can determine n, 


the order of reaction. n= 1 + 102012): - 10802). ; 
log(ag), – log(a,); 

Initial rate method. Initial rate method is used to determine the order or reaction in cases where more 
than one reactant is used. It involves the determination of the order of different reactants separately. A 
series of experiments are performed in which concentration of one particular reactant is varied whereas 
conc. of other reactants are kept constant. In each experiment the initial rate is determined from the plot 
of conc. vs. time, e.g., if conc. of A is doubled, and initial rate of reaction is also doubled, order of 
reaction w.r.t A is 1. 
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Illustration 


Sol. 


The following result have been obtained during kinctic studies of the reaction. 
A+B— C+D 


Я Initial rate of formation 
| sy | abl 81 | 


60x10? 
| у | o4 | o1 | 240x107 | 


(1) Determine the rate law of above reaction 
(п) Find the rate constant of above reaction in (mole/L)'* sec! 
r= 6x 10? =k [A]. [B] 


6 x 10? =k [0.1] [0.1]" (1) 
г,= 7.2 * 107 =k (0.3)"(0.2)" Хі) 
r= 2.88 х107! = k (0.3)" (0.4)" (ii) 
r,7 240x107 = k (0.4)" (0.1)" iv) 

— 288 , — (24) m E 
eg. (iii)/ (1) 072^ 4- 02] ^ 2">n=2 


doi ivy ü 240 = (4үт 
igGv)/G "те =(%) 
=>m=!l 
d[A] 6x10? 


=e = 1 2 = = m = -2 1 
rate law dt k [A] [B] - k TZ 6 М sec 


The catalytic decomposition of N,O by gold at 900°C and at an initial pressure of 200 mm is 50% 
complete in53 minutes and 73% complete in 100 minutes, 
What is the order of the reaction? 


Calculate the rate constant. 
How much of N,O will decompose in 100 min. at the same temperature but at initial pressure of 600 mm? 
[2021013194] 
(i) first order (ii) k = 1.308 x 1072 min! (iii) 73% 
N,0 ——— Product 
b. n 
кет In A, 
I Ae _ In2 
$53 "A. 53 
1 , 100 
= —In— 
100 27 


order = 1* order 


Exercise 


The half life period of decomposition of a compound is 50 minutes. If the initial concentration is halved, 
the half life period is reduced to 25 minutes. What is the order of reaction? 


Ans. Zero order 


x 


(D 


(I1) 


(III) 


CALCULATION OF FIRST ORDER RATE CONSTANT USING DIFFERENT PARAMETERS 


In terms of pressure 

A(g) —» B (в) + C(g) 
2.303 P, 

k- a 

t 2P, Ex Pr 

where 

Р = Initial partial pressure of A 

Ру = Total pressure of gaseous system at time 't’ 


Decomposition of H,O, in aqueous solution (In terms of volume of reagent KMnO, required 
in titration against H,O,). 
H,O, —> H0 + O, 


2.303, № 


EN d V, 


where 
Уо = Volume of KMnO, required in titration of H,O, sample taken initially 
V, = Volume of KMnO, required in titration of same volume of HO, sample at time ‘t’. 


Acid catalysed hydrolysis of ester( In terms of volume of reagent NaOH required in titration) 
CH,COOC,H, + H,O ——» CH,COOH + C,H,OH 
NaOH reacts with H* and CH,COOH. 


2.303 lo V. -Vo 
k= у 


where 
Vo= volume of NaOH required in titration when reacted with Н? (at start) 
V, = volume of NaOH required in titration when reacted with Н? and CH,COOH at time ‘t’. 


V = volume of NaOH required in titration when reaction is completed 
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(IV) 


(V) 


Inversion of cane sugar (In terms of angle of rotation) 


СьН„О, + HO — лауа сн о, + CH0 


Inversion 
(glucose) (fructose) 
2.303 | Г. | 
Ёа a. —— 
t EE 
where 
г, = initial angle of rotation of the sample 
г, = angle of rotation after timet 
т = angle of rotation after completion of reaction 


Oxide layer formation: 


Ex LRL E 
t tat 


wherc 
Tnax = Thickness of oxide layer after oo times 
t= Thickness of oxide layer at time Т. 


Bacterial Growth: 
1, a+x 

k= -In —— 
t a 


Illustration 


From the following data show that decomposition of H,O, in aqueous solution is first order. 
Time (in minutes) 0 10 20 
Volume (іп с.с. of KMnO,) 22.8 13.3 8.25 


First order 


_ 2.303 No 
K= t og v, 


_ 2.303 22.8 _ 005 
PUO 634334 an 
Eus 2.303 ' 22.8 77 
1" x =a — 
.. It is first order reaction 


The following data were obtained in experiment on inversion of cane sugar. 

Time (minutes) 0 60 120 180 360 © 
Angle ofrotation (degree) +13.1 +11.6 + 10.2 +9.0 +5.87 -3.8 
Show that the reaction is of first order. After what time would you expect a zero reading in 
polarimeter? 


Ans. 


Sol. 


Ans. 
Sol. 


Ans. 


Sol. 
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966 min 
_ 2.303 D, FT, 

K= t log „—1„ 
k= 2.303 13.1+3.8 = 0.00155 

! 60 Eatas ^ 
K, = 0.001566 (K, = K,) 
^. It is first order reaction 

_ 2.303 13.14 3.8 
t= 0.001566 ^8 043.8 
t= 966 min 
The reaction given below, rate constant for disappearance of A is 7.48 x 10? sec“. Calculate the time 


required for the total pressure in a system containing A at an initial pressure of 0.1 atm to rise to 0.145 atm 
and also find the total pressure after 100 sec. 
2А (g) —9 4B(g) + C(g) 


0.180 atm, 47.69 sec 
(i) 2A > 4B+C 
P°-2x 4х x 


„2303 01 
7 748x107 989] 


- 0. 
100x7.48x10? 041 
2.303 E y 
y = 0.04732 
a-2x70.1 -2x 

x — 0.02634 


3 =47.815 


P, = P°+3x = 0.18 atm 


In this case we have 
A order. B+C 

Time t © 
Total pressurcof A+B+C Р, Р, 
Find к. 


t 2(P;—P,) 
A B+C 


Р Р 
Atinfinite P, it means initially PofA is P, „ which converts into B and C B е P | 


a, 7 Pi» 
A B-«C 
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Р, 


1 Р,/2 = | 
= c 
24 P, - P, 
P,/2-P, + A =н) 


5. At 100°C the gaseous reaction A——> 2B + C was observed to be of first order. On starting with pure 
A itis found that at the end of 10 minutes the total pressure of system is 176 mm. Hg and aftera long time 
270 mm Hg. From these data find (a) initial pressure of A (b) the pressure of A at the end of 10 minutes 
(c) the specific rate of reaction and (d) the half life period of the reaction? 


Given: nf La. | =0.65 
47 


Ans. (а) 90 mm, (b) 47 mm, (c) 6.49 x 10 per minutes, (d) 10.677 min. 


Sol. А. ——›2В+С 
t=0 P, 
t=10 P,-x х х 176 = P, + 2x 
= 0 0 2P, P,  270-3P, 
‚ 270 | 
(а) Po = xs = 90 
176-90 
SS ENN 
я 1 90 
(c) ~ 10x60 " 90x43 
In2 
Oa kK 


Exercise 


3 
The reaction AsH ,(g)—As(s) + 2 H,(g) was followed at constant volume at 310°C by measuring 


the gas pressure at intervals Show from the following figures that reaction is of first order. 
Time (in hrs) 0 5 7.5 10 
Total pressure (in mm) 758 827 856 882 


Ans. First order 
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9. ELEMENTARY PARALLEL PATH REACTIONS 


p 
ibus 


Let the initial concentration of A be[A], and let after time t, the concentrations of A,B and C be [A],[B] 
and [C], respectively. It is obvious that 
[A]; * [A] + [B] + [C] 


A 


The differential rate experisions are 


48] _ 

a 5M 

С] _ [B] к 
"а "e to Tk 


[A] 
[k + kj] t =n [A], 


k 

% of B in products = kb: x 100 
ks 

% of C in products = k +k, 7100 
1+K3 


Some examples of parallel reactions 


C; Hg + № + НСІ + CH;CHO 
() — C,H,N - NCI + CH,CH,OH —< 
Сен ОСН; + N3RCI 


CH;CH;OH + KBr 
(i) ^ CH,CH,Br- КОН —< 
CH) = СН, + КВг+ НО 
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Illustration 
1. Consider the reaction, 
oe 
A 


Sol. 


i 
? 278 , 
0С 


A, Band C all are optically active compound . If optical rotation per unit concentration of A, B and С are 
60°, —72*, 42° and initial concentration of A is 2 M then select write statement (s). 

(A) Solution will be optically active and dextro after very long time 

(В) Solution will be optically active and levo after very long time 

(C) Half life of reaction is 15 min 

(D) After 75% conversion of A into B and C angle of rotation of solution will be 36°. 

(А), (D) 


After very long time concentration of B= 
After very long time concentration of C 


2 4 
Angle of rotation after reaction = 3 х (-72)+ 3 х 42 => 8? 


(t,, >), = "* = 10 min 
693x107 107? 

(6, zh ae = =5 min 
13.86x 107 


Кеш = Ку + k, 


(as) car Gas) n 


10 . 
— >. min. 
After 75% conversion of A into B and C 
Concentration of A = 0.5 M 


1 
Concentration of B = 3 х1.5 => 0.5M 


2 
Concentration of C = 3 х1.5 = 1М 


-. Angle of rotation = 0.5 х 60° + 42° х | – 72° х 0.5 => 36°] 
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[С] 
k, =x hr^'; К, :k, 71:10. Calculate =. after one hour from the start of the reaction. 
Kc ^ [A] 


[C] _10 11х 
Ans. [A] 11° = 1) 
LN 
So. к 10 


k, =x k, =k, x 10=x х 10 
k, +k, =x+10x=I11x 


For parallel reaction 


da]. 
- р = КА 


[Ay] 
In [А] =(k, +k,)t 


[A, +В, +С.] 
In А, =(k,+k,)t 

[леш | IK. 

= +—— |= 
In O 1-(кү+ку‹ => Inf #795" | = (+10) 
t 

LIC, 
1+ 10А, =е!!х "7 (t=1 hr given) 


Exercise 


[x], 
For a reaction x , calculate value of ratio, == г аѓ any given instant t. 
ws [y)[z] ^ ^ 98 


1 


Ай -EGE 
RI 
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10. REVERSIBLE OR OPPOSING REACTIONS 


Reversible reactions are these in which products formed converted back into reactants simultancously. 


Forward reactions s 
Reactants muU оа Products 


Kinetics of reversible reactions (First order opposed by first order) : 
Consider а reversible reaction in which forward and backward reactions follow first order. 


K, 
A = B 
at t=0 [A], 
at t=t [A], =[A],-x x 


К апа К, are rate constants of forward and backward reactions respectively. 
dx 
a ARB 


x K[[Al-]-K;x ata (1) 


dx 
But at equilibrium a 0; (since concentrations become constant) and x represents Xa (equilibrium 


concentration of B). 
At equilibrium rate of forward reaction is equal to rate of backward rcaction. 


K [[A], -x,.] -K, x, 
K [A], 


or <= IK, +K,] — (2) 


K [A], - 
ы =” -— (3) 


еч. 


Also 


Putting values of Xa and K, in eq. (1) 


= K fal- x]- Ei xs s 
K,[A],-x 


*K,x 
x 
eq 


-K-[A],-K;x- 


dx ER 


or, de [Xa ESE ы (4) 


On integrating the equation (4), we get 


A 
or Чп [x -x] = К, "m +С 
att=0,x 70, апаС = ~ Іпх,, 
putting value of C іп ед. (5) 
or -In [x., - x] +In i ug a 


A 


or K, 4- 
сч 


From eqs. (2) and (7) 


(k,+K,)x,, | Res | 


l^], ха [хах 
Xa 
or (K,* K,)t - In Xa -X 


28 
or (K,+ K,)-t = 2.303 log Se 


#6 
The equilibrium constant of such reversible reactions, 
[B]., x K f 


eq 


a m 


‚оа. 


am 


If [B], is not equal to zero, the relation for such reversible reaction shows 


K; t- 2.303 BER log E 


Example of reversible reactions : 


(i) H, +1, — 2I 


K, 
(ii) A = CH,CH = CH, 

- K, 
(iii) NH,CNO == NH,CONH, 


K, 
(iv) CO + NO, == СО, + NO 


5020 
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Illustration 


Consider a reversible reaction : 


kı 
дэр 
К, 


1.38 
Which is а first order in both the directions (К, = 737 х 1072 min“). The variation in concentration is 


plotted with timeas shown below. 


Sol. 


2 > 
= —x]1.38x10* 
k, 3" x 


fa 01-0075 7 К! 
2 x 0.69 = 138 x 1072 x t 
t= 100 min. 


11. SEQUENTIAL OR CONSECUTIVE REACTIONS : 


In many cases, the product formed in one of the elementary reactions acts as the reactant for some 
other elementary reaction. One of the examples of consecutive reactions involves the following 
steps. 

А-и Bia „С 
Let the initial concentration of A be [A], and let after time t, the concentrations of A, B and C be 
[A], [B] and [C], respectively. It is obvious that 

[A], 7 [A] * [B] + [C] west DD 


Differential Rate Law: The differential rate expressions are 
d[A] 
-——3-kIA 

® [А] reme Pl 
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B 
== : -k,[A]-k;[B] mL 
icy 
ж = КВ] лай) 
On integrating equation (2), we get 
[A]=[A]e** M CL 


Substituting [A] from equation (5) into equation (3), we get 


Tu. = k[A];e *" - k;[B] 


“зк, [B] - k[A] e *" 


Integrated Rate Law : Multiplying the above expression throughout by exp (k,t), we get 


3 k [B] kat ak ПА} e O7 -k3M 


The left side of the above expression is equal to d([B]e "^" ) / dt. Hence, the above expression сап 


written as , d{[B] ск: } = k [A], e 7*2" qt 
Integrating the above expression with [B] = 0 at = 0, we get 


-(k-k3)t 1 
Be“ =k [A eo ME AU 
[B]e il cra ic | 


Р E QU 
[B]- ча Es * ЕСЕ; | 


уз ki[A]o -k azka 
(By, = c [ene] NT 
Substituting equations (5) and (6) in equation (1), we get 
[A], = дель езе e *) 4 [C] 
or  [C]- (A! = (eee шн) 
=K) 
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Figure (1) Illustrates the general appearance of the variations of concentrations of A, B and C 
during the progress of the reaction. 


IC] 


Concentration 


1А] 
Time — 
Fig. 1: Typical variations of concentration of A, В 
and C during the progress of the reaction 
A> RC 


In general concentration of A decreases exponentially, the concentration of B initially increases 
upto a maximum and then decreases thereafter, and the concentration of C increases steadily until 
it reaches its final value [A], when all A has changed into C. 


Maximum Concentration of B : Equation (6) is 


kı -kit _ akat 
вл 5) евэ 
At the maximum concentration of В, we have 


dB] o 
dt 
Hence, differentiating equation (6) with respect to t, we get 


d[B] k Р M 
Айлы [joe eer 08) 


Equating equation (8) to zero, we get 


Куе +k,e Em =0 


k -Ks k 
E m = et K2 tax or к) = (К-К), а 
1 | ky 
or E F k, -k; к, III (9) 
substituting equation (9) in equation (6), we get 
ks i(k)-k>) 
(AL) «ss 10) 
1 
Examples of consecutive reactions : 
(i) Several radioactive decay 


Pb .—,.Bi Pe 


О 
(ii) CH,- CH, Ky (CH,CHO) ug CH,-CO 


29 
Illustration 


How much time would be required for the B to reach maximum concentration for the reaction 
in2 

k ks . ЕЭ In2 

A—L, B —— C. Givenk = 4 ,k,= 3 


Ans. t=4min 


Sol k,-0.173 
k, = 0.3466 
| k, 


Exercise 


For the first order consecutive reactions. 


7. ССВ. pp es n 
the reaction is started with some amount of A . Match the given observation (column I) with the time 
(column II) related with the above reaction. 


Column I Column II 
(Observation) (Time) 
(A) Rate of formation of C is maximum (P) At time 't' = t,., of A (Given k, —2k,) 
1 к, 
В) [В] = [C At ti "= — Í di 
(B) [B], = [C], ©) Attime't — 109 
(С) [А], = [В], (К) At time 't when rate of formation of B is maximum 
n|% -k, | 
kı 


(S) At time 't' = 


Ans. (A)P,Q(B)R,P (C)S 


12. RATE LAW AND MECHANISM 


As already mentioned in the reaction: 

2NO + 2H——> N, + 2H,O 
Obeys the following third order kinetics 

Rate a [МО]? [H,] 
The kinetics is not in tune with chemical equation. As the law of mass action suggests each 
concentration term should be raised to power 2, but this is not supported by experimental facts. 
Under this condition we are led to believe that the reaction does not occur according to the chemical 
equation as written. That is the reaction is not elementary but is complicated. In order to explain the 
observed rate law following mechanism has been proposed. 
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I NO + NO => N,O, (fast and reversible) 
Il NO, +H ,—9 NÓ + HQ (slow) 
I NiO +H, e; +H,Ô (fast) 


The step Il being the slowest i.c., the rate - determining step (R.D.S.). Note that the rate of formation 
of N, cannot be faster than the rate of formation of N,O. So, the rate of overall reaction or rate of 
formation of N, will be equal to the rate of step II which according to law of mass action may be 
given as. 
Rate of overall reaction = Rate of step II = k[N,O,] [H,] 
Where К = rate constant of step II 
The conc. of the intermediate (N,O,) may be evaluated by applying law of mass action upon the 
equilibrium existing in step I as mentioned below. 
_ [N01] 
№." [мо 
Putting this in the rate expression, we get 
Rate = k.k [NO}*[H,] = к, [МОВНІ 
Where k „= К.К, = observed rate constant of the reaction 
Rate a [МОЈ [H,] 
This is the same rate - law as observed experimentally. 


ог [N,O,] = К, [NOF 


Illustration 


l. Rate law for ozone layer depletion is 
40] _ KIOI* 


dt 10] 
Give the probable mechanism of reaction? 
Sol. О, == О,+ О (fast reaction) 
O,+O—> 20, (slow reaction, rate constant k’) 
Rate = k' [O,][O] d] 
K,= ETE or [0] - K, E (equilibrium constant К.) 
putting the value in (1) 


s b. 0.7 


k-kxK. 


2. In hypothetical reaction A, + B. —> 2AB follows the mechanism as given below: 
A, => A+A(fast reaction) 
A+ B, —э AB + В (slow reaction) 
А+В——› AB (fast reaction) 
Give the rate law and order of reaction. 
Sol. Slowest step is rate determining. 
Rate =k[A][B] — . —  .— (1) 
пеге | A} sho nol ju С be el emin: ted. 
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[A] = KY? [A]? 


From (1). Rate= k K}? [A,]"[B,] 
= K{A,]'*[B,] 
Order = 1 + 1/2 = 3/2 


X For the formation of phosgene from CO(g) and chlorine, 
CO(g) + CL(g) —» COCL(g) 


The experimentally determined rate equation is, 
d[COCI 
SEDEM = k[CO][CI, ? 


Is the following mechanism consistent with the rate equation? 


(i) CI, === 2С! (fast) 
(ii) Cl+CO == сос! (fast) 
(i) ^ COCI* CI, == COCI, * CI (slow) 
Sol. Multiplying equation (ii) by 2 and adding (i), we get: 
CL *2CO <== 2COCI 


_ [СОС 


2 


ССО] 

[сос] = (ку? [СІ] О nase (1) 
Slowest step is rate determining, hence 

Rate-k[COCI[CL] renee (ii) 
From (i) and (ii), we get 

Rate = kKK'? [CL,]'?[CL,][CO] 

Rate = K'CI,]j?[CO] [k' = k.k"?] 
Thus, rate law is in accordance with the mechanism. 


Exercise 
For the reaction 2H, + 2NO——> №, + 2Н,О, the following mechanism has been suggested: 
2NO = №0, ‚жена constant K, (fast) 
N,O, + H, —2—. N,O+ H,O (slow) 
N,O +H, = = N, + H,O (fast) 


Establish the rate law for given reaction. 


Ans. r-K[NOJ [H,], where K =k, x К, 


32 
13. 


13.1 


(i) 


(ii) 


Gi) 


(iv) 


(v) 


(vi) 
(vii) 


13.2 
(i) 


CATALYST 


Berzelius used the term catalyst for the first time for the substances which accelerate the rate of 
chemical reaction. Now the term catalyst has been used for the foreign substances which influence 
the rate of a reaction and the phenomenon is known as catalysis. Usually two terms are used for 
catalysis : 


Positive Catalysis : The phenomenon in which presence of catalyst accelerates the rate of 
reaction. 


Negative catalysis : The phenomenon in which presence of catalyst retards the rate of reaction. 
Such substances are also known as inhibitors or negative catalyst. 


Characteristics of Catalyst 

A catalyst remains unchanged chemically at the end of reaction, however its physical state may 
change. e.g. MnO, used as catalyst in granular form for the decomposition of KCIO,, is left in 
powder form at the end of reaction. 


A catalyst never initiate a chemical reaction . It simply influences the rate of reaction. Exception: 
combination of H, and CI, takes place only when moisture (catalyst) is present. 


A small quantity of catalyst is sufficient to influence the rate of reaction e.g. 1 g atom of Platinum is 
sufficient to catalyse 108 litre of H,O, decomposition. 


A catalyst does not influence the equilibrium constant of reaction. It simply helps in attaining 
equilibrium earlier. It alters the rate of forward & backward reactions equally. 


A catalyst normally does not alter the nature of products in a reaction. However some exceptions 
are found to this characteristic. 


(a) HCOOH “+ H,0+CO, HCOOH —“> Н, + CO, 


(b со+зн, “> CH,+H,0, со+2н, ——9 , cH og 


C0; 
CO +H, —— HCHO 
It may therefore be concluded that in some cases nature of products formed depends upon the 
presence and nature of catalyst used. 
A catalyst does not make reaction more exothermic 
Catalyst's activity is more or less specific : A catalyst for onc reaction is not necessary to catalyse 
the another reaction. 


Types of Catalysis 

Homogeneous catalysis : The reaction in which catalyst and the reactants have same phase. It 

includes two types. 

(a) Gaseous phase catalysis : When reactants and catalyst are in gaseous phase e.g. chamber 
process for H.SO,. 


2S0.(g) + O.(g) э 25О,(р) 
(b) Solution phase catalysis : The reactions in which catalyst and reactants are in solution 
phase or liquid phase of miscible nature. 


RCOOR (+ НО, ——> RCOOH + R'OH 


ester 


(ii) 


14. 
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Heterogeneous catalysis : The reactions in which catalyst and reactants form phase > 2. 


Reactant : Liquid 


Immiscibl 
Catalyst : Solid fins М 


(a)  Solid-liquid catalysis : 


2H,0,,, —— 2Н,0 +0, 


ип Catalyst 


Reactant : Liquid 


(b)  Liquid-Liquid catalysis : Catalyst : Liquid анта 


2H,0,,, — d 29,0 + О, 


ил catalyst 


Reactant : gases 


.. ẹ immiscible 
Catalyst : solid 


(c) Solid-gas catalysis : 
Two aspects of solid catalyst are more significant, one is activity and the other is selectivity. Activity 
is the ability of catalyst to accelerate chemical reactions; the degree of acceleration can be as high 
as 10'° times in certain reactions. Selectivity is the ability of catalyst to direct reaction to yield 
particular reaction (excluding others). For example , n-heptane selectivity gives toluene in presence 
of Pt catalyst . Similarly, 

CH,- CH - CH, * O, give CH, - CHCHO selectivity over Bismuth molybdate catalyst. 


ARRHENIUS THEORY 


Threshold Energy and Activation Energy : 

Threshold energy : Fora reaction to take place the reacting molecules must colloid together, but only 
those collisions, in which colliding molecules possess certain minimum energy is called threshold 
energy (Ет) or the total minimum energy that reacting species must possess in order to undergo effective 
collision to form product molecules is called threshold energy. 


Activation energy : It is extra energy which must be possessed by reactant molecules so that collision 
between reactant molecules is effective and leads to formation of product molecules. 
E-E 


(Threavhould етее уру) = Без 


—————————. Å— 
Progress of reaction Progress of reaction 


E „~ Threshold Energy, Н, = Enthalpy or Energy or Potential of reactants. 
Н, = Enthalpy or Energy or Potential of product, (E,),= Activation energy for forward reaction. 
(E,), = Activation energy for backward reaction. 
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Activated complex. It is formed between reacting molecules which is highly unstable and readily changes 
into product. 


AH ex, x (E), J (E), 


Influence of Temperature on rcaction rates 
Temperature coefficient : The temperature coefficient ofa chemical reaction is defined as the ratio of 
the reaction rates at two temperatures differing by 10°C. Its value usually lies between 2 & 3. 


; k 
Temperature coefficient = =£, 
t 


If no temperature is specified in T.C. then it can be taken as 25°C 
Arrhenius Equation: A quantitative relationship was proposed by Arrhenius 


к= А. е8 

where 
k=rate constant : А = frequency factor (or pre - exponential factor); 
К = gas constant - Т = Temperature (kelvin) ; E, Activation energy. 


E. BD. i. 1 
gy 230R|T, T, 


Graphical representations are : 


logiak 
| 
1 
7 
Ink 
{ 


Illustration 


1. In Arrhenius equation for a certain reaction, the value of A апа Е, (activation energy) are 
4 x 10" sec’ and 98.6 kJ mol , respectively. At what temperature, the reaction will have specific rate 
constant 1.1 x 10? sec! ? 

Sol. According to Arrhenius equation 


k= Ae ERT 


E 
or logk-log.A - RT 198 e 


E 
2.303 log „k = 2.303 log, A- RT 
98.6x10* 

2: 03 log р 3% = А 4 EN ааыа 

ог 303 log (1.1 x 10?) = 2.303 log (4x10 )"3314xT 
98.6x10° 
T= ———_———- K = 311K 
8.314x 2.303 «16.56 
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E The rate constant is given by Arrhenius equation 
k= Ae EAT 
Calculate the ratio of the catalysed and uncatalysed rate constant at 25°C if the energy of activation 


ofa catalysed reaction is 162 kJ and for the uncatalysed reaction the value is 350 kJ. 
Sol. Letk апак, be the rate constants for catalysed and uncatalysed reactions. 


162х10° 
2.303 Іор К. = 2.303 log, A —————_ . | | |. (i) 
са ЕТ 
350х10° 
and 2.303 10р, К, = 2.303 log, A- = NT (ii) 
Substracting Eq. (ii) from Eq.(i) 
k 10? 
Іов -= = — —— (350-162 
ово т 2303RT | 
188x107 
= ——— — 329 
2303x8314x298 227° 
Ка ggg x 107 
Kun 


3, At 407 К the rate constant of a chemical reaction is 9.5 х 10 °5 ! and at 420 К, the rate constant 
is 1.9 x 104s". Calculate the frequency factor of the reaction. 
Sol. Тһе Arrhenius equation is, 


k Е, n-th 
log, k; 2.308xR TT, 
Given k,=9.5 х 10° 5; k,=1.9 х 10% 5"; 
К = 8.314] mol 'K *; 
T, = 407 К and T, = 420 К 
Substituting the values іп Arrhenius equation. 


Louie. Е, Eag 
9.5x10 5 2.303х8.314 | 420x407 
E, = 75782.3 J mol” 


оз 


L Е, 
Applying now log К, = log A~ 5 303 RT, 


75782.3 
2.303 x 8.314 407 


A 2757823 
log 95x10 ^ 2303x8314x407 
- 9.7246 
А = 5.04 x 105 s! 


log 9.5 х10* = log A – 
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4. The energy of activation for a reaction is 100 kJ mol *. Presence of a catalyst lowers the energy of 
activation by 75%. What will be effect on rate of reaction at 20°C, other things being equal ? 
Sol.  Thearrhenius equation is 
k= qe Ea/RT 
In absence of catalyst, k, = Ag PUNS 
In presence of catalyst, К, = Ae?**7 


К) _ твт k2 _ 25 
So k, =e or 2.303 log ki ^ RT 
ГСС а. Ини БЕНӘ 
ж СТОР 8314x102 293 
A: НИНИН. — 
T Ek,  8314x10?x293x2.303 
o E 2234x 10? 
ky 


As the things being equal in presence or absence of a catalyst, 


k,  ratein presence of catalyst 


k,  ratein absence of catalyst 
i ere I 13 
i.e. n7 72310 


Exercise 


The rate of a reaction triple when temperature changes from 20°C to 50°C. Calculate energy 
of activation for the reaction (R = 8.314 ЈК! mol !). 
Ans. 28.8118 kJ mol” 


15. COLLISION THEORY 


(1) The basic requirement for a reaction to occur is that the reacting species must collide with onc 
another. This is the basis of collision theory for reactions. 


(ii) The number of collisions that takes place per second per unit volume of the reaction mixture is 
known as collision frequency (Z). 


(i) Every collision does not bring a chemical change. The collisions that actually produce the product 
are effective collisions. The effective collisions, which bring chemical change, are few in comparison 
to the total number of collisions. The collisions that do not form a product are ineffective elastic 
collisions, i.e., molecules just collide and disperse in different directions with different velocities. 
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(iv) 
(a) 


For a collision to be effective, the following two barriers are to be cleared. 


Energy barrier : "The minimum amount ofenergy which the colliding molecules must possess as 
to make the chemical reaction to occur, is known as threshold energy". 


—» 


Fraction of molecules 
capable of bringing 
effective collision 


Fraction of 


Energy ——> E 
Distribution of energies at a 
definite temperature 


In the graph 'E' corresponds to minimum or threshold energy for effective collision. 


There is an energy barrier for each reaction. The reacting species must be provided with sufficient 
energy to cross the energy barrier. 


(b) 


Orientation barrier : The colliding molecules should also have proper orientation so that the old 
bonds may break and new bonds are formed. For example, МО (р) + NO, (g) > N,O,(g) During 


this reaction, the products are formed only when the colliding molecules have proper orientation at 
the time of collisions. These are called effective collisions. 


eee pS . Bond — 99 
осо Formation 


- к. Collision Product 
(a) Properly oriented collisions form products 


О ules „Моесше» ecules (о) O 
pq C em 
пъ Ж oO (9 


„ма Ў 
(b) Collisions not properly oriented No product 


(у) Thus, the main points of collision theory аге as follows, 
(a) For a reaction to occur, there must be collisions between the reacting species. 
(b) Only a certain fraction ofthe total number of collisions is effective in forming the products. 
(c) For effective collisions, the molecules should possess sufficient energy as well as orientation 
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(vi) 


(vii) 


(viii) 


The fraction of effective collisions, under ordinary conditions may vary from nearly zero to about 
one for ordinary reactions. Thus, the rate of reaction is proportional to : 

(a) The number of collisions per unit volume per second (Collision frequency, Z) between the 
reacting species 

(b) The fraction of effective collisions (Properly oriented and possessing sufficient energy), f 


—dx 


E f * Z; Where fis fraction of effective collision and Z is the collision frequency. 


ie, Rate= 


The physical meaning ofthe activation energy is that it is the minimum relative kinetic energy which 
the reactant molecules must possess for changing into the products molecules during their collision. 


ERT called Boltzmann factor. 


This means that the fraction of successful collision is equal to € 
It may be noted that besides the requirement of sufficient energy, the molecules must be properly 
oriented in space also for a collision to be successful. Thus, if Z., is the collision frequency, P is the 


-E,/RT 


orientation factor (Steric factor) then, К = PZ,,.e . If we compare this equation with Arrhenius 


equation К = Ae ^", 


We know that pre-exponential form 'A' in Arrhenius equation is, A= РА. 
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SOLVED EXAMPLE 


In the following reaction 2H,0, —9 2H,0 * O, 
rate of formation of O, is 3.6 M min". 

(a) What is rate of formation of H,O? 

(b) What is rate of disappearance of H,O,? 


(i) 7.2 mol litre"! min", (11) 7.2 mol litre! min“! 


d d d 


Ina catalytic experiment involving the Haber process, N, + ЗН, ——» 2NH,, the rate of formation of 
Ammonia was measured as 


A[NH;] 


Rate — =2 x 10 mol 17! s. 


If there were no sides reactions, what was the expressed in terms of (a) N,, (b) H5? 


(a) 1 x 107 mol L's, (b) 3x 107! mol L~ s7! 


dN.] 1 aH] 1 d[NH,] 
(a) d за 2 d 
d 1 
= —|№,| = — х 104)= 10-4 
г zl xl ; *Q*10*5)- 10 
d 3 
— = — — 4 
(b) mus ; *Q*104)-3*10 


For the elementary reaction 2A + B, ——» 2AB. Calculate how much the rate of reaction will change if 
the volume ofthe vessel is reduced to one third of its original volume? 


rate increase by 27 times 
Rate = К [3A]? [3B,] = 27 Rate. 


In the following reaction, rate constant is 1.2 х 107 M s! A——> B. What is concentration of B after 
10 and 20 min., if we start with 10 M of A. 


(1) 7.2 M, (ii) Think 


()K-- [A,-A] =Kt=[B] 


=> 1.2 x 107 x 10 x 60 = [В] =7.2 
(b) Same way 


A first order reaction is 75% completed in 72 min.. How long time will it take for 
(1) 50% completion (1) 87.5% completion 


(1) 36 min., (11) 108 min. 
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0.6 


Sol. 


Q.7 


Ans. 
Sol. 


2303, — 100 
72 '©®ю 25 


0.693 _ 
O19 


а o, 100 _ ов 
ш) Обо 12.5 


К= =0.19 


(i) 4 = 


Show that іп case of unimolecular reaction, the time required for 99.9% of the reaction to take place is 
ten times that required for half of the reaction. 


03 Calculate t1 & t2 separately 


The halflife of the unimolecular elementary reaction 
A(g}—> B(g) + C(g) is 6.93 min. How long will it take for the concentration of A to be reduced to 10 
% of the initial value? 


(A) 10.053 min (B)4.6 min (C) 46 min (D) 23.03 min 
(D) 

0.693 (1223031 = =23.03 mi 

6.93 t= ов QA], = t=23.03 min 


A 1 Lreaction vessel which is equipped with a movable piston is filled completely with a 1M aqueous 
solution of H,O, .The H,O, decomposes to H,O (/) and О (в) їп a first order process with half life 5 
hrs at 300 K. As gas formed, the piston moves up against constant external pressure of | atm. What is 
the net work done by the gas from the start of sixth hour till the end of 10 hrs? 


(A) 25 Cal (B) 150 Cal (C) 75 Cal (D) 100 Cal 
(C) 
At the end of 5 hours 
Ay 
А, | = "m 
at the end of 10" hours 
Ag 
A37 A 
A, Ay А 
A2 Ay = = 702A 


amount decayed = 0.25 mol 
moles of O, formed = 0.25/2 = 1/8 
W —--PAV = -nRT = - (1/8) x 300 x 2 Cal = 75 Cal 
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Ata certain temperature the following data were collected for the reaction 
21CI* H, — I, * 2HCI 


Initial Concentrations (M) Initial Rate of formation of L (Ms!) 
[ICI] [H;] 
0.10 0.10 0.0015 
0.20 0.10 0.0030 
0.10 0.05 0.00075 
Determine overall order of reaction 
(A)0 (B)1 (C)2 (D)3 


(С) 


From 1% and 2™ data order of reaction w.r.t. ІСІ is 1, from 1* and 3™ data order of reaction w.r.t. H, is 
1, so overall order of reaction is 2. 


For the reaction 


CH,COCH,+Br, —" , CH,COCH,Br+H* + Br 
the following data was collected 


[Acetone] [Br,] ІН] Rate of reaction (Ms) 
0.15 0.025 0.025 6 x 104 
0.15 0.050 0.025 6 x 104 
0.15 0.025 0.050 12 x 10+ 
0.20 0.025 0.025 8.0 x 104 
The order of the reaction w.r.t. CH,COCH, and Br, respectively аге: 
(A) 0,1 (B) 1,0 (C) 1.1 (D) 1,2 
(B) 
Rate = К. [Acetone]" . [Br,]’ . [Нр 
6 x 104=k. (0.15)* (0.025)* (0.025) d) 
6 x 10^ =k . (0.15) (0.050) (0.025) ... (ii) 
12 x 104=k . (0.15) (0.025) (0.050) .. (iii) 
8 x 10*-k.(0.20) (0.025) (0.025) . (iv) 
e aig (202: j 
© 0.17 | o 059 


y = 0, hence rate does not depend upon the concentration of Br,. 


. 6 f(005Y 1| ү 
о, 5 = (0023) 3-6) 


z=] 


2 aas (В 
6 «6.2 =(3} 


x-l 
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Q.13 


Direction for Q.11 and Q.12 (2 questions) : Read the following passage carefully and answer 
the questions given after the passage. 

Dinitrogen pentroxide decomposes on heating to nitrogen dioxide and oxygen following first order kinetics. 

2N,0, (g) —> 4NO, (g) + О, (g) 

0.2 mole of N 0, was taken ina vessel of capacity | L and heating toa certain temperature of T Kelvin 

at which the reaction begins. The concentration of №,О, is measured at different intervals of time by 
withdrawing samples of reaction mixture. A plot of In[N,O,] v/s time is shown in figure-1. The value of 
rate constant (К) of the reaction is determined from the slope of the linear plot. The same experiment is 
repeated at five different temperatures and the value of the rate constants are calculated at each temperature. 


А plot of Ink v/s (temperature) ! is shown in figure-2. 


Time Temperature(1/T) 
Fig-1 Fig-2 


In[N30s] 
Ink 


Slope of straight line in figure-2 is 1.2 x 10* К. What is the activation energy of the reaction? (J/mole) 
(A) 1.0 x 10 J mole"! (B) 2.303 x 105 mole (С) 1.2 х 105 mole! (0) 2.5 x 105 mole! 
(A) 


= E a 

Ink RT 
8; 

slope = E ns 3x 104 
E, 212 x10* x 8.314 — 9.97 x 10* Joule 
Slope of straight line in figure-1 is - 1 х 107! sec“. What is the half-life of the reaction? 
(A) 15.96 sec (B) 6.93 sec (C) 693 sec (D) 31.92 sec 
(B) 
Kt=/nA,—/nA, 


In A, = їп A, - Kt 
slope =- К =- (1x107!) 


The rate constant for an isomerisation reaction А — B is 4.5 x 10? min”. Ifthe initial concentration of 
A is 1 M. Calculate the rate of the reaction after 1 h. 


3.435 x 10? M/min 


“a A 1 
4.5 х 107° = —— log 77—1 {х= х) => (a—x)= 0.7633 


Rate =k [a — P 
= 4.5 x 10? x 0.7633 = 3.43 x 10? 


Q.14 


Ans. 
Sol. 


Q.15 


Ans, 
Sol. 


Q.16 


Ans. 


Sol. 
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A hydrogenation reaction is carried out at 500 К. Ifthe same reaction is carried out in the presence of a 
catalyst at the same rate, the temperature required is 400 K. Calculate the activation energy of the 
reaction if the catalyst lowers the activation barrier by 20 kJmol '. 


100 kJmor" 
k= Ae "f = Дег 
Given that two rate are same 


-Ea"RT = | -Ea/RT 
e a «= RT 


T 
Еа Ea-20 
500° 40 


or Ea= 100 kJ 


The energy of activation ofa first order reaction is 104.5 kJ mole! and pre – exponential factor (A) is 
5 x10" sec™!, At what temperature, will the reaction have a half life of 1 minute? 


349.1 k 
k-A.e' PT 
R EE E 
og =ор -RT 
0.693 Ea 
ов, TOSA- узот 
NR = — 104.5 
9g CMS ~ 2303x8314x10^7 x T 
1.9412 = 13.609 - — 45. 
weno SEO AMISIT 


T = 348.95 


In gascous reactions important for understanding the upper atmosphere, H,O and O react bimolecularly 
to form two OH radicals. AH for this reaction is 72 kJ at 500 K and E,777 kJ mol, then calculate E, 
for the biomolecular recombination of 2OH radicals to form H,O &Oat 500K 


5 kJ mol? 


Ea,b = 77-72 =5 


ALCOHOL 


INTRODUCTION 
(a) These are the organic compounds in which -OH group is directly attached with carbon. 
(b) These are hydroxy derivatives of alkanes and mono alkyl derivatives of water. 
(c) Their general formula is СОН», ,OH or C,H., 0. 
(d) The hybridisation state of carbon is sp?. 
(e) Geometry is tetrahedral. 
(0 In these compounds C-O bond length is 1.42 A. 
(g) These are of following types, depending upon the no. of OH groups. 
(1) Monohydric alcohol : Contains one -OH group only, eg-C,H,OH 
(ii) Dihydric alcohol : Contains two -OH groups. eg. glycol 
(ii) ^ Trihydric alcohol : Contains three -OH groups eg. glycerol 
(iv) | Polyhydric alcohol : Contains morc than three - OH groups. eg, sorbitol, manitol. 
(h) Alcohol shows chain, position & functional group isomerism. If chiral carbon atom is present, they 


shows optical isomerism. 


METHODS OF PREPARATION 


From Alkyl halides : 


Alkyl halides reacts with aq. KOH/aq. AgOH or HO and forms alcohol. 
R-CH;-X + K-OH (aq.) —— R-CH,OH + KX 


R R 
| 

R-CH- X + деОН (ад) — R-6H-0H *AgX 
R R 


R-C-X +H-OH —> в-Ф-он «HX 


From Alkenes : 


Hydration —Alkenes are catalytically hydrated by dilute mineral acid solution. 
CH, = CH, + H,O —2559«—, CH,CH,OH 
R-CH- CH, + HO —9 839. , R- CH- CH, 
H 


Oxymercuration – demercuration : 
Alkenes react with mercuric acetate in the presence of water to give hydroxymercurial compounds, 


which on reduction yield alcohols. (Markovnikov addition) 
>С=С<+Н,0 + Hg(OAc, —> T: JE NN SN 


н ндо Ac ӧн н 


Mercuric acetate Alcohol 


Hydroboration — Oxidation : 
(Anti-Markownikov orientation) 


>C =C<+ 5 (BH;), — В way 
H 


Alkene — Diborane Tri alkyl borane 


к 
eR qr + BOM, 
н он 


By Reduction of Carbonyl compounds :- 


ШАН, INa«C, H, OH 
R-C-H*2H — —5— —2 3$ —, R-CH,OH 
I 


[9] 
1° alcohol 


LiAIH | /Na+C_H_OH 
epe a A Res LE 


2? alcohol 
Note : 
(i) We cannot obtain 3° alcohol from this method 
(ii) If we use NaH as reductant then the process is called as 'Darzen's process’. 
By Reduction of Acid & its derivatives : 
f- G- 0H *4H Ан, RCH,OH 


О 
urn —УА% ,R CH,OH + HX 


R-C-OR' + 4H —"*"— RCH,OH + R'OH 


| 
о 


RCOOCOR + 8H —E^*. , 2 RCH,OH + H,O 


Important Note :- Acid amide does not form alcohol on reduction. It forms primary amine. 


From Grignard reagent : 
With oxygen : — 
Grignard reagent forms alcohol of same no. of carbon atoms as in Grignard reagent. 
2R-Mg-X +0, go. 2R-O-Mg-X —7?*" ,2ROH + 2 Mg(X)OH 
With ethylene oxide : 
d+ 
В&-—Маё*—Х + ©н„-Ён, —— R-CH,-CH,-O-Mg-X е, R-CH,-CH,OH+ Mg(X)OH 
o [Alcohol with two carbon more 
ô- than Grignard reagent ] 


H H 
ô- 8+ 
With carbonyl compounds : R — Mg- X + Ey -H—— R-L-R ———, В 
-Mg- X 


| 
* -R 
OH 
Note : 
(1) If R'=H, Product will be 1° alcohol. 
(ii) IfR'=R, Product will be 2° alcohol. 
(ii) ^ Ifcarbonyl compound is ketone, product will be 3° alcohol. 
(iv) Itis the best method for preparation of alcohol because we can prepare every type of alcohols. 


From Primary amines :- 


But it is not a good method for preparation of alcohol because a number of by products are formed in 
this reaction like alkyl chloride, alkyl nitrite, alkene and ether. 


Note : Inthis reaction if we take ethyl amine then main product will be ethanol while if we take methyl 
amine, then main product will be dimethyl ether. 


PHYSICAL PROPERTIES 


(a) 
(b) 
(c) 


(d) 
(с) 


0) 


Alcohols are colourless with specific smell liquid. They are soluble is water due to H-bonding. These are 
partially soluble in organic solvents. 

They are liquid in nature up to 12-carbon. 

— — 

No.of branches 

Boiling point of alcohols are higher than equivalent ethers. It is due to H-bonding. 

Alcohols are poisonous in nature also. Poisonous character increase with increment in molecular weight 
or branching. Ethanol is exception, which is non-poisonous in nature. It is most useful organic solvent. 
Methanol causes blindness. 

Isopropyl alcohol is called as rubbing alcohol. 


Cholesterol is also an example of complex alcohol which is called notorious alcohol because it causes 
heart attack. 


Viscous nature of alcohol is directly proportional to H-bonding or number of -OH groups. That is why 
we can say alcohol is less viscous than glycerol & manitol is more viscous than glycerol. 


Melting point and Boiling point & molecular mass a 


Ethanol is liquid while glucose is solid. It is due to more H-bonding in glucose. 


CHEMICAL PROPERTIES 


Chemical reactions of alcohols are classified in the following three types :- 
(1) Reaction of H atom of -OH group of Alcohols 

(ii) Reaction of OH group of Alcohols 

(ш) ^ General reaction of Alcohols. 


4 
Reaction of H atom of -OH group of Alcohols : 
These are the reactions in which alcohol shows acidic character. 


Reaction with Na : 

2R-O-H + Na — ——» 2R - О - Na + Hf 
The acidic order of alcohols is 

MeOH > 1° > 2° > 3° 


Esterification / Reaction with carboxylic acid:- 


R-O-H + H-O-C-R Hec R-G-O-R + H20 
О 


езїег 
Mechanism: 
H,SO 4 ——> Н? + HSO; 


Ф 
R- um -О- aimee ai -mo R- E - E ERE Q-C-R —,— R-C-OR 


T: 


Note : The above reaction is laboratory method of ester preparation. 


Reaction with Acid derivatives : 
R-O-H + i is X590.) R-O-C-R * HX 
|| 
о 


R-O-H«R-C-O-C-R МШ... =ч R-C-O-R 
а ð g 


Reaction with Ketene :- 


" 
R-O-H +CH,=C” __., cy. -c-o-R 


Reaction with Isocyanic Acid :- 


- + 


R-O-H +H-N= é — »H-N=C-0-R — H-NH- C-O-R 
be bn 
amino ester (urethane) 
Reaction with ethylene oxide : 
R - O5 HÒ + CHCH —> p — o rah 
R dR 


1,2-dialkoxy ethane 
Reaction with Diazomethane :- 
R-O-H + CH, N, —— R-O-CH, 
(ether) 


Reaction of ОН group of Alcohols :- 


Reaction with dry HX (Grove's Process) : 
R-OH*HX —» R-X*H,O 
Reaction with PCI; : 
R-OH +РСІ, ——»R-CI + POCI, + НСІ 
Reaction with PCl, : 
3R-OH + PCI, —— 3R-CI + H,PO, 
Reaction with SOCL, (Darzen reaction) : 
R-OH +50С1, “> p. CI 4SO,  HCI 
Reaction with ammonia : 


R - OH* NH, —727— RNH, + H,O 


Reaction with HNO, : 


D 
R-OH + HNO, —À R-O-NQ + HO 


(conc.) alkyl nitrate 
(soluble ester) 


Mechanism :- 
HNO; —»5 Н+ + NO; 


Ф 
R-O-H+H* —— + в-о-н —— ВӘ 


| -M20 
H 
о 
R® + NO? —> R-0-N^ 
чо 
alkyl nitrate 
Reaction with H,SO, :- 
і 
() | C,H,OH - H-0- S- oH —222,С,Н,- 0- $- OH 
1 roomtemp |! 
о 
stable upto (80-100°C) 


(ii) ^ CH,- CH,- OH + S0, —1 ,CH,-CH,-0-CH,-CH, 


(excess) 


Mechanism :- 
CH,-CH,- 6 :+H*——> CH,-CH, —- Ö'-H 
Н l 


њо 


сн;-сн;-8"сну-сн; aC Hz- CH 2 
H 
(protonated ether) 
СН, - CH; - O- CH, - CH, 


(v) | CH,-CH5-OH*H,SO, — "c. , CH5- СН, 
(excess) 


Mechanism :- 


e ; 


H 
Note : In the above reaction excess of ethanol is present so, intermediate carbocation satisfies itself by 


liminafi 


GENERAL REACTION OF ALCOHOLS 


Reduction :- 
R-OH +2 HI ——, R- H 
150^C 


Reacting species of solution is HCrO, . 


H 
Ende 
R | | Оо acdic KMnO no —tl_, R-C-O 
Wu i ——— oe 
f H 
i 
ай. Нз 


жүн? } __зобск;сцо: , "i —b , со, +Н,0 + сен 
о 


Catalytic Oxidation / Dehydrogenation : 


" H 
| 

R Cu/ZnO ы 
Үү же («0 

нн 
1° alcohol aldehyde 

T 

R-C-R 

в-С-о—©”2° T 

| | 300° 

HH 


secondary alcoho] ketone 


R 
| 
R-C-OH OS R-C-R 
bu, CH; 
tert. alcohol alkene 


(Note : ~ This is dehydration process.) 


Oxidation through Fenton's Reagent : 
Higher and branched alcohols are converted into diols through Fentons reagent. 
(FeSO, + Н,О,) is Fenton's reagent. 


Fe*2+H,0, — Fe*3+OH+ OH 


H4 3 
CHs-C-CHy-H + он. —3 сн-©-©н, +H 
OH OH 
H3 H3 CH3 H3 
CH;-C-CH, + ©н;-С-сн —_, Снз-С-Снг-Снг-С-Снз 
OH OH OH OH 
2,5-dimethyl hexandiol-2,5 


Self Condensation : 
When alcohol is heated with sodium ethoxide then by self condensation they convert into higher alcohol, 


RCH,-CH,-OH + ҥен-сн ОН — RC Tm 
R higher alcohol 
Note : The above reaction is called as 'Guerbet's Reaction'. 


Preparation of methanol : 
Methanol is also called as carbinol or wood spirit. 
From Water Gas : 


[CO * H5] * H; EOM CH4OH (90 %) 
200- 


From Methane: - 
CH, e methanol on partial oxidation in Cu tube. 


CH,+ 50, S, CH,OH (90%) 


Preparation of Ethanol: 


From Ethene: 
By hydration with dil. H,SO, 


Preparation of ethanol from sugar : - 
{i) Molasses : - Waste product in sugar industry is called molasses. It is a mixture of sugar (30%) 
and invert sugar (32-40%). 
(ii) Invert sugar : - Combine form of glucose and fructose is called as invert sugar. 
ast celi 
Cj;H3,0,, + H0 > СН; + CoH 2, 
glucose fructose 


C,H, > C,H,OH + со, + H,O 
Note: Glucose and fructose are functional isomers. 


Preparation of ethanol from starch : 
(1) Starch solution is technically called 'Mesh' 


(1) Crushed germinated barley solution is called ‘Malt’, 


starch maltose (wort) 
Су:Н,0 +H,0 —“** s 2C,H,30, 
maltose glucose 
(monosaccharide) 


(ш) From both of the methods conc. of ethanol achieved is 10-12% which is called ‘Wash’. 


(у) Distillation of wash is done in special apparatus 'Coffee's still’, which is based on counter current 
method. From this distillation yield of alcohol is 90%, which is called Raw spirit. 
Raw spirit _ Fractions! éstilaton , 95.5% C,H,OH +4.5% H,O 
(rectified spirit) 
(у) Further purification is done in the following ways : - 
95.5% C,H.OH + 4.5% HO Fractional distillation С Н. + HO + CH;OH + Remaining C,H, 
(64°C) (78.5*C) +CH,CHO 
(99.7%) (68°C) 


(99.7%) (100%) 
C,H,OH + anhy. CuSO, —— C,H,OH + CuSO, * 5Н,О 
(99.7%) ^ white (100%) 


DIFFERENCE BETWEEN PRIMARY, SECONDARY & TERTIARY ALCOHOLS 


By Oxidation Reaction : Primary alcohol gives aldehyde on oxidation, secondary alcohol gives ketone 
and tertiary alcohols are resistant to oxidation. 


By Catalytical Oxidation / Dehydrogenation : Primary alcohol gives aldehyde on oxidation, secondary 
alcohol gives ketone and tertiary alcohol gives alkene (dehydration takes place in this condition to tertiary 
alcohols.) 


Lucas Test : A mixture of (anhydrous ZnCl, + Conc. H,SO,) is called as Lucas Reagent. 
(i) 3° alcohol gives white ppt. with lucas reagent in 2-3 seconds only. 

(ii) 2° alcohol takes 9 - 10 minutes. 

(ш) 1° alcohol does not gives white ppt. at room temperature. 


Victor Meyer Test : - 
This test is also known as RBW ( Red, Blue, White) test. 


(à) — R-CH,-OH5***5— R-CH;-I 599: R-CH,-NO, + HNO, 


nitrate 
R Г R 
У N-OH —— унон —N3sO" , red solution 
мо; LH NO; 
nitrolic acid 


в, „NO 
(b . R,-CH-OH —**?**-, R,-CH-I am, Р РИ 0н › No reaction 
2 
Pseudonitrole 


(Blue colour) 


(б) . R,-C-OH-E97*-, R,-C-I ^o; , R,-C-NO, — "2, no. reaction. 
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Difference between Methanol and Ethanol 


When CH4OH is heated on Cu coil it gives Ethanol does not give formalin like smell. 
formalin like smell. 


When CH,OH is heated with salicylic acid in No such odour is given by ethanol 
H5SO, (conc.) then methyl salicylate is 
formed which has odour like winter green oil 


It does not give haloform or lodoform test. It gives haloform test. 


MCQ 


Q.1 Which of the following reaction is called as 'Bouveault-Blanc reduction' - 
(A) Reduction of acyl halide through Na’C,H,OH 
(B) Reduction of ester through Na/C,H,OH 
(C) Reduction of anhydride through Na/C,H,OH 
(D) Reduction of carbonyl compounds through М№а/С,Н;ОН 


Q.2  Inwhich of the following reaction alcohol is not formed- 


(A) R - CH = CH, + HO ==> (В) К - COCI + 2H, tw, 
(С) (R – СО), О + 4 H, +, (D) R - CH, - CH, + HO ==> 


Q.3 Which onc of the following alcohol has highest boiling point - 
(A) Methanol (B) Ethanol (C) Propanol (D) Isopropanol 


Q.4 Dimethyl ether and ethanol have same molecular weight but boiling point of ethanol is greater than 
dimethyl ether, cause of this is that dimethyl ether - 


(A) Having less no. of branches 

(B) Arrangement of hydrogen is different 
(C) Due to hydrogen bonding in alcohol 
(D) None of these 


Q.5 Reactivity order of alcohols towards Na will be - 
(A) 3° > 2° > 1° > McOH (B) McOH > 1° > 2° > 3° 
(С) 2° > 1° > 3° > MeOH (D) 1° = 2° = 3° = MeOH 


0.6 Іп the esterification of alcohol by carboxylic acid, proton is given by — 
(A) Alcohol (B) Conc. H,SO, (C) Acid carboxylic (D) None of these 


11 
Q.7  2-methyl 2-propanol with Fenton's reagent gives - 
(A) 1,2-methyl propene -1 (B) 2-methyl propene -2 
(C) 2,5-dimethyl hexanediol-2,5 (D) 2,2,3,3 - tetramethyl butane 


Q.8 When methane is passed in copper tube at 200°C with air, it gives - 
(A) Methanol (B) Ethanol (C) Acetylene (D) Ethene 


Q.9 Acetic acid is removed from pyroligneous acid by the passing it in - 
(A) AL (OH), solution (B) Ba (OH), solution 
(C) Ca (OH), solution (D) Ethanol 


0.10 Crushed germinated barley solution is called- 
(A) Mesh (B) Malt (C) Wort (D) Wash 


Q.11 Which one test is also known as RBW test- 


(A) Lucas test (B) Victor Meyer test 
(C) Carbilamine test (D) Mullican-Barker test 
ANSWER KEY 


Q1 (D Q2 (D Q3 (CO Q4 (CO QS (B 06 (B 
Q7 (CO Q8 (A Q9 (C 910 (B Оп (B) 
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(1) Alkene Ho 
зд. NaOH or aq KOH 


(2) RX or aq K;CO, or moist Ag,0 
(3) R-O-R dil. H-SO, 

dil. H,SO, 
(4) RCOOR EE ' 
(5) 1° amine ro... - 
Exception - (Methyl amine gives 
CH,-O-CH, or ether) 

NaH 


(6) Aldehyde or ketone m eR 


(1? alc.) (2° alc.) 
(7) Acid or Nal EtOH - 
Bouveault -Blanc reduction 
Acid derivative 


(8) HCHO orAld.or ketone “2, 


(1° alc)  (2"alc) (3° alc.) 
o 
(9) RMoX sir 
с-ун 
(10) CH,MgBr № 
H,O* 
(11) Sugar Fermentation 


Formation of EtOH by fermention - 
(1) Cane sugar 23:22:07, Molasses 
Sucrose 


Diastase 


(2) Grain — Starch —————» Maltose 


HOH 


Manase 
———— Glucose 


hydrolysis Farmen! 
EtOH 


tabon 


——— Invert sugar |0 EtOH 
hydrolysis Fermentaton 


ALCOHOL 


HX or PX, or PX 


or KI +H PO, or SOC; orSO;CI; 


Red PHI 


RH 
NM,» 1°, 22, 3° amines 
а 


R - SH Thiol 
ThO, 
№. RONa 
CH CH, 
OR 
D 4 
dry HO 
we OR 
К. OR 
Ketone R'COR' "ы. ^^ Ketal 
dry НСІ eta 


T d iis 
RCO? , R'COOR ester (Z = OH,CI, OCOCH,) 
"39... , ROSO,OH (Alkyl hydrogen sulphate) 
HNO: › RONO, (Alky! nitrate) 

RSO,Ph (Alkyl benzene sulphonate) 
H,C - CH (OR), Acetal 
R-O-CH, Ether 


PhSO.C 
CH=CH 
CH;N 


P" 


RO - CH, - CH, - OH 
Alkoxyalkanol 


ROCOCH, Ester 
Alkene 


— Quante denydrogenstion_, Aldehyde or ketone 


I or 2° alcohol, Cu ce ZnO, 30°C 
Exception - 3? alc — Alkene 


1?alc. —— 


CH. -C-O 


Dehydration 


1°ог Эйс Aldehyde or ketone + Cr*? (green) 


› 


3° alc ie reaction (No. green colour) 


—I2l | aldehyde 101. Acid (same no. of C-atom) 
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ETHERS 


INTRODUCTION 


(а) 


It is dialkyl derivative of water or alkoxy derivative of alkane or monoalkyl derivative of alcohols. 


(b) Their general formula is C, H5, ,4O or СН, О 
(c) Hybridisation state of oxygen is sp? and bond angle is 110° due to counter balance repulsion of 
alkyl groups. 
(d) If both alkyl groups are similar then these are called as simple ether, if different they are called as 
mixed ether. 
(e) Carbon oxygen bond length is 1.42 А°. 
(f) Ether shows chain, position metamerism and functional isomerism. Ethers are functional isomers of 
alcohols. 
(g) In IUPAC system ethers are called as ' Alkoxy alkane’. 
(h) Ethers are compounds ofthe general formula R — O — R, Ar — O — R orAr — O — Ar, where Ar 
is an aromatic group. 
(i) Ап ether is symmetrical if the two groups attached to the oxygen atom are the same, and it is unsymmetrical 
ifthe groups are different. 
CH,CH;CH,CHCH,CH, CH,CH,OCH,CH,CH, 
1-Ethoxypropane 
OCH, 
3-Mcthoxyhexane 
PREPARATION 
1. Dehydration of alcohols 
H,SO, 


A water molecule is lost for every pair of alcohol molecules. Dehydration is limited to the preparation of 
symmetrical ethers, because a combination of two different alcohols yields a mixture of three ethers. 


Alcohols can also dehydrate to alkenes, but dehydration to ethers is controlled by the choice of reaction 
conditions. 
Example: 

140°C 


Conc. C,H,OC,H; Diethyl ether 


CH,CH,OH 
=п› H50; 180°C 
CH,=CH, Ethene 
Ether formation by dehydration is an example of nucleophilic substitution: protonated alcohol is the 


substrate and the second molecule ofalcohol is the nucleophile. 
The reaction is S! for 2? and 3? alcohols and 8,2 for 1° alcohol. 
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О © 
R—OH+H === R — OH, (Protonated alcohol) 


HO , р ROH, po + R—Ó—R 
FATE & 2° О USES 


Icohols 
R— OH, alcohols} á = 
R'OH б= ot | 
[R' — О ---R-—OH,] ——> R' — O— R == К —O— К + Ht 
241° alcohols) 2 o 
2. Williamson synthesis 
R'O Na* R-OR' 
RX 
ArO Ма: 
"> R - OAr 


Yield from RX: CH, > 1° > 2° > 3? 
The reaction involves the nucleophic substitution of an alkoxide (or phenoxide) ion for a halide ion. This 
method can be used for preparing symmetrical as well as asymmetrical ethers. 


(CH,), CH(OH) —*., (CH,),CHO-Na* + CH,CH,CH,Br ——> CH,(CH,),O CH(CH,), 


. NaOH 
Qoi + CH,CH,Br Ё, О-о — CH,CH, 


Ethoxybenzene 


The reaction gives the best yield with 1? alkyl halides. With tertiary alkyl halides, elimination becomes an 
important reaction and no ether is obtained. 
CH, CH; 
aq. NaOH 
CH — 1 —Br + C,H,0H ————? CH, — C = CH, 
CH, 


PHYSICAL PROPERTIES 


l. The C — O — C bond angle in ethers is not 180° and the dipole moments of the two C — O bonds do 
not cancel each other. Hence, ethers possess a small net dipole moment. 
R 
110° > — 


R nct dipole moment 


2. The boiling point of cthers are the same as those of alkanes of comparable molecular weights. The 
boiling points of alcohols are much higher than those of ethers, as ethers are incapable for intermolecular 
hydrogen bonding. 


3. The solubility of ethers in water is comparable to that of alcohols, because ethers can form hydrogen 
bonds with water molecules. 


15 
H 


R— О ------ H— O 


R 
CHEMICAL PROPERTIES 


Ethers are unreactive compounds. The ether linkage is quite stable towards bases, oxidising, and reducing 
agents, 
I. Cleavage by acids 


R—O-—R'* HX ә R— X * R'OH 


id 


R'—X 
Reactivity of HX : HI» НВг> НСІ. 


Cleavage takes place under vigorous conditions using concentrated acids and high temperature. 
A dialkyl ether initially yields an alkyl halide and an alcohol; the alcohol may further react to form second 
mole of alkyl halide. 


og 


CH, — CH — O — CH — CH, 


— ә 
° 130 140°С чылын 


CH; CH, Br 


The initial reaction between an ether and an acid results in the formation of a protonated ether. The 
cleavage then involves a nucleophilic attack by a halide ion on this protonated ether with the displacement 
of the weakly basic alcohol molecule. 


H 
R—O—R' +HX ==R—O—R'+X > R—X+R'OH 
3 or S,2 {нх 
Protonated ether R'X 


A primary alkyl group tends to undergo 5,2 displacement and a tertiary alkyl group tends to undergo 
Syl displacement. 


CH,I + CH,CH,CH,OH 


CH, — О — CH,CH,CH, 
3 – Methoxy propane 


CHI + CH,CH,CH,I 
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CH, 
CH, 


2 — Methoxy-2-methyl propane 


Epoxides 
Epoxides are compounds containing the three-membered ring. 


— C — С — (Epoxideoroxirane ring) 
NS 


Epoxides belong to a class of compounds called cyclic ethers. The three-membered ring makes epoxides 
an exceedingly important class of compounds. 


A Ed м * a 
1, 2 - Epoxybutane Epoxyethane 
PREPARATION 


Epoxides are commonly obtained by oxidation of alkenes by peroxy acids. 


[0] 
N. 7 RCOH Nu NM 
= — C 
m a Peroxyacid Pe SN 
Alkene Epoxide 


Silver oxide can also oxidise alkenes to epoxides. An intemal 5, 2 reaction in a chlorohydrin can be used 
to prepare three membered cyclic ethers. 


CI — CH, — CH — CH, C —CH, —CH— сн, 22+ CH, — gH — CH, 
No 


lu UOS T 


Reactions : Epoxides have highly strained three-membered rings that can undergo acid- or base-catalysed ring 
cleavage. 


1, 2— Ерохургорапе 


1. Acid-catalysed cleavage 


Fr R 


| | 
—C—C— —C—C— ———C—C— 
[ | FE | | 
2% z 


2: = nucleophile 
At first, the epoxide is protonated by an acid and the protonated epoxide can then undergo an attack by 
nucleophilic reagents. 
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T e s zi 
O go 
H 
"NN | | 
Ec - ce з чес 
| | | | 
| ® OH, OH OH OH 
E жан | | | | 
Nob — 1 "T — — om 1 — n —  Alkoxy alcohol 
H RO OH OR OH 
H 
= J J | 
= 1 = 1 = Halohydrin 
х OH 
2. Base-catalysed cleavage 


1 
Z:+—C — C— — —C— 


Ё | 
=> C-e- 
Ө З 8. 


OH 
Under alkaline conditions, an epoxide itself undergoes nucleophilic attack. 
C,H,O- Ма” + CH, -I5 CH, — C;H,O CH, CH, OH 

О 2-Ethoxyethanol 


NH; + CH; —CH, ———» H,N — CH, CH, OH 
Sg P d 2-Aminoethanol 


3. Reaction with Grignard reagent 


К — MgX + CH, — CH, ———> a CH, — OMgX рсн, CH, OH 


o © Primary alcohol 
R (Chain lengthened 
by two carbon atoms) 
Q MgBr + H,C — CH, ——> CH,CH,OMgBr 
| o |но 
сабама Ethylene 


bromi oxide 
Оо 


2-Phenylethanol 
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MCQ 


Q.1 Ethyl iodide reacts with moist Ag,O to form- 
(A) Ether (В) Alcohol (C) Alkene (D)Alkane 


Q.2  Ethyliodide reacts with sodium ethoxide to form — 
(A) Ethene (B) Ethoxy ethane (C) Alcohol (D) None 


О.З Etherreacts with halogen in dark and in light to give — 


(A) Same products 
(C) It does not react in light 


Q.4 — Etherreacts with PCI, to form — 


(A) Ethyl chloride 
(C) Both (A) & (B) 


(B) Different products 
(D) It does not react in dark 


(B) Phosphorous oxy trichloride 
(D) None 


Q.5  Anexample of a compound with functional group — О — is- 


(A) Acetic acid (B) Methyl alcohol 


(C) Diethyl ether (D) Acetone 


Q.6 — An organic compound A reacts with sodium metal and forms B. On heating with conc. H5SO,, A gives 


diethyl ether. So A and B are - 


(A) C,H;OH and CH,ONa (B) CH,OH and CH,ONa 
(C) C,H,OH and C,H,ONa (D) C,H,OH and C,H,ONa 
Q.7  Inthepresence ofan acid catalyst, two alcohol molecules will undergo dehydration to give - 
(A) Ester (B)Anhydride 
(C) Ether (D) Unsaturated hydrocarbon 


Q.8 — Acarbon compound A forms B with sodium metal and again A forms C with PCI,, but B and C form 
diethyl ether. Therefore A, and B and C are - 
(A) C,H,OH, C,H,ONa, С,Н;СІ 
(C) C,H,OH, C,H,, С,Н;СІ, 


(B) C;H,Cl, С,Н,Ома, C,H,OH 
(D) C,H,OH, C;H,CI, С,Н;Ома 


Q.9  Whenethyl iodide is treated with dry silver oxide, it forms - 


(A)Ag (B)C,H,OC,H, (C) C,H,OH (р) COOH - COOH 
Q.10 C-O-C bond angle in diethyl ether is about- 
(A) 180° (B) 110° (C) 150° (D) 90° 
ANSWER KEY 


Q1 в) Q2 (B Q3 (B Q4 (C) QS (C) Qé (D) 
Q7 (CO 98 (A Q9 (B) Оло (B) 
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PHENOL (C,H,OH) 


Phenol is also known as carbolic acid or Benzenol or hydroxy benzene. 

In phenol -OH group is attached to sp? — hybridised carbon. 

It was discovered by Runge in the middle oil fraction of coaltar distillation and named it carbolic acid 
(carbo = coal; oleum = oil) 

It is also present in traces of human urine. 


METHODS OF PREPARATION 


1 


[2] 


[3] 


I4] 


l6] 


From Benzene sulphonic acid : 
When sodium salt of benzene sulphonic acid is fused with NaOH phenol is obtained. 
C,H,SO,Na + NaOH + C,H,OH + Na,SO, 


From benzene diazonium chloride : 
When benzene diazonium chloride solution is warmed phenol is obtained with evolution ofnitrogen. 


сї? OH 
—— © +М,+ НСІ 


By distilling a phenolic acid : with sodalime (decarboxylation) : 


OH 
OOH OH 


„ШОН D o- * Na,CO, 
Salicylic acid 
From Grignard reagent : The grignard reagent on reaction with oxygen and subsequent hydrolysis by 
acid yields phenol 
C,H,MgBr —P9L., C.H,OMgBr — #0, C.H.OH + MgBrOH 


OH 
ORE TO 


Industrial preparation of phenol : Phenol can be prepared commercially by : 
[a] Middle oil fraction ofcoaltar distillation 

[b] Raschig process 

[c] Dow’s process 

[4] Cumene 


From bezene : 


20 
lal 


[b] 


lc] 


Id] 


Middle oil fraction of coaltar : 


Coaltar £2°%"3|_, Middle oil (172-230° С) 


distilabon 


(Phenol, cresols, Naphthalene) 
Cool 


Naphthalene liquid 
(Solid crystals seperate out) NaOH 
C,H,ONa 
[como 
C,H,OH + Na,CO, 


From cumence : (Isopropyl benzene ) : Cumene is oxidised with oxygen in to cumene hydro peroxide 
in presence ofa catalyst. This is decomposed by dil. H,SO, in to phenol and acetone. 


CH г luc 


O + (Сор 


Raschig process : Chlorobenzene is formed by the interaction of benzene НС1 and air at 300°C in 
presence of catalyst CuCl, + FeCl,. It is hydrolysed by superheated steam at 425°C to form phenol and 
HCl. 


C,H, + НСІ + 1/20, — 2765, C.H,Cl+H,0 


C,H,Cl (steam) + H,O 22, C,H,OH + НСІ 
Dow process : This process involves alkaline hydrolysis of chloro benzene 


OH 


C,H,Cl + NaOH -©®- + NaCl 


PHYSICAL PROPERTIES 


Phenol is a colourless, hydroscopic crystalline solid. 
It attains pink colour on exposure to air and light. 


C,H,0H ——— о = (_)=0-—HocH, 
Pharoqurone (ігі colur) 
It is poisonous in nature but acts as antiseptic and disinfectant. 
Phenol is slightly soluble in water, readily soluble in organic solvents. 
Solubility of phenol in water is much lower than alcohols because of larger hydrocarbon part in the 
molecule. 


Due to intermolecular H-Bonding, phenol has relatively high В.Р. than the corresponding hydrocarbons, 
aryl halides etc. 
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CHEMICAL PROPERTIES 


Chemical properties of phenol are classified in the following four categories. 
Reactions of —H atom of —OH group. 

Reactions of —OH group of phenol. 

Reactions of Benzene ring. 

Other Reactions. 


Reactions of —H atom of —OH group 


Acidic Nature : Phenol isa weak acid. The acidic nature of phenol due to formation of stable phenoxide 
ion in solution. 

C,H,OH + H,O —9 C,H,O + НО 
The phenoxide ion is stable due to resonance. 
The negative charge is spread through out the benzene ring which is stabilising factor in the phenoxide 
ion. 
Electron with drawing groups (-NO,, —Cl) increase the acidity of phenol while electron releasing 
groups (-CH, etc.) decrease the acidity of phenol. 
Phenol is stronger acid than alcohols but weaker than the carboxylic acids and even carbonic acid. 
The acidic nature of phenol is observed in the following : 
[i] Phenol changes blue litmus to red. 
[ii] Highly electron positive metals react with phenol. 

2C,H,OH + 2Na > 2C,H,ONa + Н, 

[ш] Phenol reacts with strong alkalies to form phenoxides 

C,H,OH + NaOH -› С,Н,ОМа + H,O 
[vi] However phenol does not decompose Na,CO, or NaHCO, because phenol is weaker acid 

than carbonic acid. 
C,H,OH + Na,CO, or NaHCO, — No reaction 


Reaction due to—OH group: 


[1] 


[2] 


[3] 
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Reaction with PCI, : Phenol reacts with PCI, to form chloro benzene. The yield of chlorobenzene is 
poor and mainly triphenyl phosphate is formed. 
C,H,OH + PCI, + C,H,CI + POCI, + НСІ 

3C,H,OH + POCI, > (C,H,),PO, 2HCI 

Reaction with Zn dust : When phenol is distilled with zinc dust benzene is obtained. 
C,H,OH + Zn + C,H, + ZnO 

Reaction with NH, : Phenol reacts with NH, in presence of anhydrous ZnCl, to form aniline. 

C,H,OH + NH, 292, C.H,NH, + H,O 
Reaction with FeCl, : Phenol gives violet colouration with FeCl, solution (neutral) due to formation of 
a complex. 


CHOH + FeCl, > Voilet colour 
* This reaction is used to differentiate phenol from alcohols. 


22 
[5] 


16] 


17] 


I2] 


Acetylation : Phenol reacts with acid chlorides or acid anhydrides in alkali solution to form phenyl 
esters. 


CHOH + CICOCH, №0" аг ii 
* CH,OH + Ch e-CoHs -> C H,0-£ CH, 
[9] [9] 
This reaction is called Schotten-Baumann reaction. 


Ether Formation : Phenol reacts with alkyl halides in alkali solution to form phenyl ethers. 
C,H,OH + NaOH ———> C,H,ONa —P4--C,H,OR 
* C,H,OH + CH,N, ————> C,H,OCH, + N,T 


Reaction with Р,5, : 
5C,H,OH + P,S; ————> 5C,H,SH + PO; 


Reaction of Benzne Ring : The -OH group is ortho and para directing. It activates the benzene 
nucleus. 


Halogenation : Phenol reacts with bromine in CCI, to form mixture of o-and p-bromo phenol. 


OH OH OH 
Br 
* Br, — * * 
T 
. Phenol reacts with bromine waterto from a white ppt. of 2, 4, 6 tribromo phenol. 


Nitration : 
[a] Phenol reacts with dil. HNO, at 5-10*C to form o—and p- nitro phenols. 


OH OH OH 

@ к н ер © 
юс 

(40%) NO, 

(10% 


[b] When phenol is treated with conc. HNO, in presence of conc. H,SO, 2,4,6-trinitro phenol (picric 
acid) is formed. 
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OH 


(С) Cone: имо у NO; Om 
ию з 


2.4, Mie ВА 


[3] Sulphonation : Phenol reacts with conc. H,SO,, to form mixture of o- and p- hydroxy benzene sulphonic 


acid. 
OH OH 
Ô = 8" 
МЕК. ЗИЧ + 
H 


[4] Friedel-Craft's reaction : Phenol when treated with methyl chloride in presence of anhydrous AICI, 
p-cresol is main product. 


OH OH 
CH 
©) + сн,а AQ, 3 (Sy 3 
OH OH 
"TM сосн, 
„снос :—#® > 


сос 
о- and p-hydroxy acetophenone 


OH 


[5] | Gattermann aldehyde synthesis : When phenol is treated with liquid HCN and НСІ gas in presence 
of anhydrous AICI, yields mainly p-hydroxy benzaldehyde. 


HCI - НСМ —*5 , HN = CHCI 


OH 
Qe Oa © 


[6] Reimer-Tiemann reaction : Phenol on refluxing with chloroform and NaOH (aqueous) followed by 
acid hydrolysis yields o-hydroxy benzaldehyde. When CCI, is used salicylic acid is formed. 


" OH a ONa OH 
A qwe [ois — cM-cHo ТИР CHO 
Salicylaldchyde 
ән он —- ONa - OH 
' D T COONs #5” COOH 
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171 Kolbe's Schmidt reaction ; This involves the reaction оЁС,Н,ОМа with CO, at 140°C followed by 
acid hydrolysis salicylic acid is formed. 


ONa OCOONa OH H 
ONa OOH 
©) + co, с (с) Re arrangemem (Sy 


Salicylic acid 


[8] Hydrogenation : Phenol when hydrogenated in presence of Ni at 150-200° C forms cyclohexanol. 


OH 
OH NT 
8. үу. 5 
MR esc 


[9] Fries rearrangement reaction : 


When phenyl ester is heated in nitrobenzene solution, in the presence of anhy. AICI, then rearrangement 
takes place in which acyl group is transferred at o - & p-positions of phenolic group. Up to 60°C, para 
product is obtained mainly and above 160°C ortho products are obtained as major product. 

C,H,OH + CH,COCI —— as 


m Q 
OCH, 


[10] Duff's reaction: 
OH " OH 
| CH=N-CH, CHO 
+ (CHAN, SSP —teo_, CHNH, + 


(Hexamethylene tetraamine) 
[11] Coupling reactions : 


[a] Phenol couples with benzene diazonium chloride in presence of an alkaline solution to form a dyc(p- 
hydroxy azobenzene) 


Lona + (0 уон, (о »-N- N-( OY OH 
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[b] Phenol couples with phthalic anhydride in presence of conc. H,SO, to form a dye (phenolphthalien) 


O. LL PAO 

о-6 `c FOKO DOH ur dk, 
cost P0. Me oy 029 
нк о »- 0H Phenclghthalien (Colourless) 


[12] Condensation with formaldehyde : Phenol condenses with HCHO (excess) in presence of NaOH to 
form a polymer known as bakelite. 


Polymer Lois (Phenpl formaldehyde resin) 


[13] Liberman’s nitroso reaction : When phenol is reacted with NaNO, and conc. H,SO, it gives a deep 
green or blue colour which changes to red on dilution with water. When made alkaline with NaOH 
original green or blue colour is restored. 

The reaction is used as a test of phenol. 
2NaNO, + H,SO, ————> 2HNO, + Na,SO, 


OH OH 
эъ z SAA, Green phenol + Red Indophenol ion — "5 Blue Sod. sal 
Н+ Ндмо No -OH 


Quinone mono-oxrme (Red colour) 


[14] Reaction with acetone : 


ý Bis - Phenol-A 
CH, -C- CH, p-p isopropylidene diphenol 


26 
[15] Oxidation: 
[1] In presence of air : 


[2] KMnO, : 


Test of Phenol : 
[1] Phenol tums blue litmus to red. 
[2] ^ Aqueoussolution of phenol gives a violet colour with a drop of ferric chloride. 


[3] Phenol gives Lieber mann's nitroso test. 


Phenol in conc. Н,50, — asas Red colour "59" **** , Blue colour 


[4] Aqueous solution of phenol gives a white ppt. of 2,4,6 tribromophenol with bromine water. 

[5] Phenol combines with phthalic anhydride in presence of conc. H,SO, to form phenolphthalein which 
gives pink colour with alkali. 

[6] With ammonia and sodium hypochlorite, phenol gives blue colour. 


Differences between phenol and alcohol (C,H,OH): 

[1] Phenol is more acidic than aliphatic alcohol due to resonance in phenoxide ion. 

[2] Phenol gives violet colour with FeCl, while aliphatic alcohol does not give. 

[3] Phenol gives triphenyl phosphate with PCL, while aliphatic alcohol gives alkyl chloride. 
[4] Phenol has phenolic odour whereas alcohol has pleasant odour. 


[5] Phenol on oxidation gives quinone while alcohol gives aldehyde or ketone and acids. 


Uses of Phenol : 
Phenol is used : 

[1] As an antiseptic in soaps and lotions. 

[2] Inmanufacture ofazodyes, phenolphthalein, picric acid (explosive), cyclohexanol (Solvent for rubber), 
plastic (bakelite) etc. 

[3] | Inmanufacture of drugs like aspirin salol, phenacetin etc. 

[4]  Aspreservation forink. 


Q.1 


Q2 


Q.3 


0.4 


0.5 
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i A 


Benzene diazonium salt No Reaction | Yellow ororange azo dye 


In chlorobenzene, the — Cl group - 

(A) Activates the benzene ring more, via resonance effect than deactivating it via inductive effect. 
(B) Deactivates the benzene ring more, via inductive effect than activating it via resonance effect. 
(C) Activates the benzene ring via resonance effect and deactivates it via inductive effect. Both these 
effect are evenly matched. 


(D) It is a net deactivating group with director characteristics. 


Identify 'Z' in the reaction given below - 


2. H0; Boil 


NH, 
@ 1.НМО, (280K) , у — NaOH , y Сн, 7. 


NH; NCI OCH, 


H4C CH, H4C CH, OCH, H H 
(A) (B) (C) © (D) 
3 H3 OH 


The correct order of reactivity towards electrophilic substitution is - 
(A) Phenol > Benzene > Chlorobenzene > Benzoic acid 
(B) Benzoic acid > Chlorobenzene > Benzene > Phenol 
(C) Phenol > Chlorobenzene > Benzene > Benzoic acid 
(D) Benzoic acid > Phenol > Benzene > Chlorobenzene 


Which among the following is the strongest o-, p-directing group in benzene is - 
(A) -OH (B) -CI (C) -OCH, (D) -CH, 


The compound represented by the molecular formula C;H,O are - 
(A) Only alcohol (B) Only ether 
(C) Only phenolic compound (D) All the three types of compounds 
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Q.6 


Q.7 


Q.8 


Q.9 


Indenify A, B, and C in the following reactions- 


OC; Hs 


OH OH 
OH 
„© +O «Qa ecc 0) 


COOH 


(A) Sodalime, benzene, potassium phenoxide 
(B) Zn, benzene, sodium ethoxide 

(C) Zn, cyclohexanone, sodium ethoxide 

(D) None of the above 


Water insoluble aromatic compound dissolves in sodium hydroxide but remain insoluble in sodium 
bicarbonate. Hence the expected compound should be - [where ф = CH] 


(А) СООН (В) ¢-OH (С) ¢-CO—CH, (D) ¢-NH, 
Salicylaldehyde and o-nitrophenol are less soluble in water because - 

(A) Their molecular weights are high (B) They exhibit intra molecular H-bonding 
(C) They are aromatic compounds (D) -CHO and — NO, groups are not polar 


Rate of substitution reaction in phenol is - 


(A) Slower than the rate of benzene (B) Faster than the rate of benzene 
(C) Equal to the rate of benzene (D) None 
ANSWER KEY 


Q1 (B Q2 (CO Q3 (A) 94 (^ 95 (D) 
Q6 (A) Q7 (B Q8 (B 09 (B) 
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OXIDATION OF ALKENES, ALCOHOLS 
& CARBONYL COMPOUNDS 


(I) OXIDATION OF ALKENES 

R-CH=CR, R-CH—CR, 
OH OH 
alkaline? CH үр? 
KMnO, OH OH 


* Cold dil. alkaline KMnO, is called as Bayer's reagent. 
* Overall syn addition 

* Given by alkenes & alkynes 

* Benzene & Cyclopropane can not give this reaction. 


If we use acidic KMnO, or warm KMnO, or too concentrated KMnO, the oxidative cleavage of 


Glycol occurs resulting in mixture of Carboxylic acids & Ketones. 


T 
R-CH = CR, ——***:, RCOOH + R,C =O 


A 


Hot acidic KMnO,, Hot acidic K,Cr,O, & hot acidic NalO, gives same result with alkene. The effect 
is similarto that of oxidative ozonolysis on alkenes. 


Preilschaive reaction : 
Epoxidation of alkenes is reaction ofalkenes with peroxyacids. 


о 
[| | 
CH,=CH, + CH, -С-О-О-Н——› CH,-CH, + CH, -C-OH 
2 2 "E 2 
Ы With the decrease in nucleophilicity of double bond, rate of reaction decreases. 
. With the decrease in e withdrawin g substituents in leaving group, rate decreases. 
E. dms Т 
g 


(II) 


(1) 
(3) 


(5) 


(7) 


(9) 


(11) 


OXIDATION OF ALCOHOLS 


Oxidising agents 
Cu/ 300°C (or Red hot Cu tube) (2) 
H'/K.Cr.O., A (Strong oxidising agent) (4) 


Collin’s reagent (6) 
(О) (2 mol) + CrO, + СН,С1,) 

М 

au DC O (8) 
( Pyridinium dichromate) | & á 

г.О, 
z 

TsCI + DMSO + NaHCO, (10) 


RCH,OH* 5 RCH,OTs co, ? RCHO 


R,CHOHZ—5R, cione, R,CO 


R,COH= > R.C-OTs———> X 
3 3 NaliCO; 


Periodic cleavage (12) 
A similar oxidation is obtained incase of HIO, (13) 
known as periodic cleavage. 
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H*/KMnO,, A (Strong oxidising agent) 
PCC (Pyridinium chloro chromate) 


eo cl? or Oco, +HCI 


засн reagent (i.e. PCC in CH,Cl,) 


(О) + CrO, + НСІ+ СН,СІ, 
N 


Jones reagent (H,CrO, inAnhydrous acetone) 


or CrO, + H,SO, in acetone. 

Sufficiently mild so that it oxidises alcohols 
without oxidising or rearranging double bonds 
(8 or 9) 

MnO,-Oxidises only allylic or benzylic-OH.i.e. 


1° Allylic or benzylic OH —M*9z. Aldehyde 
2° Allylic or benzylic OH —°92_› Ketone 


No effect on 3° ROH and on Carbon-carbon 


multiple bond. 
NBS 
Openaur oxidation 
жи, 
Alo-ct | О 
R-CH-R эсил p= Bp 
Ё oc 0 


о 
| ll 
К-ЄН-ОН ночо — R-CH 
- 
R,C-OH Il R,C-O 
15 
HIO, 


But reaction is only observed for cis Vic-diols. 


i 
OH єң-сС-сн, 


e 
R,CH-OH +АКОСМе,),2Ме,СОН + АКОСНЕ, ), 


(R,CH-O) ALO. 
ira 


3Me, 


3R.C-O + (Me.C-O}+-Al 


Oxidation of alcohol with aluminium tertiary 
butoxide is Openaur oxidation. 


2 ame C 


Al (OCMe,), 
acetone 


82 
Different oxidising agents are used to oxidise alcohols in corresponding carbonyl compounds and carboxylic acids. 
eg (D  R-CH,-OH——“>R -G-H(Aldchyde) 


l°alcohol = 


Oxidation agent : 1,4,5,6,7,8,9,12 


OH о 
(ID к-Сн-к'—““*=+===›нв_С-ң'(кеюпе) 
2?alcohol "- 


Oxidation agent : 1,2,3,4,5,6,7,8,9,12,13 


(II) R - CH, -OH strong oxidising R -g-oH 
de agent | 
l^alcohol О 


Oxidation agent : 2,3 


CH, CH, 
| Cu 300°C | . 
adv); €CH,-C-OH ——— —9 P e Dehydration takes place. 
| сн; CH, 
CH, : 
(V) | Double bond or Triple bond is not affected by 1,4,5,6,7,8,9,10 


(У)  Noeffect on 3? alcohol by 2,3,4,5,6,7,8,9,10,12,13 


(III) OXIDATION OF CARBONYL COMPOUNDS 


1. RCHO + [Ag(NH,),JOH _* , RCOOH + NH, +Ag 4 
Aldehyde acts as reducing agent, they can reduce mild oxidizing agents like Tollen’s Reagent. Tollen’s 
test Gentle Heating for 20 to 25 mins. 


COONa 
E Fehling's Solutions H OH 
Fehling's A Fehling's B 
aq. CuSO, Alk. solution of Roschelye H OH 
salt (sodium potassium tartrate) COOK 


It acts a carrier for Cu?* as it make reversible complex with Cu** 

This test is also used is Blood and Urine test. 
RCHO + Си" —z"— RCOOH T 
RCOO^ u,O(red ppt.) 


3. Benedict's solution 
Sodium Citrate + NaOH + NaHCO, + CuSO, 


н.о 


RCHO + Си" —X— RCQOH+ "d 
RCOO™ u,O(red ppt.) 
4. RCHO + HgCl, + H,O — RCOOH + 2HCI + Hg,Cl, 
RCHO + Hg,Cl, + H,O + RCOOH + 2HCI + 2Hg |, grey ppt. 
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Schiff's Reagent 
Schiff's Reagent is aq. solution of following base decolourised by passing SO,. 
Aldehyde restore pink colour of Schiff's reagent. 

NH, NH, 


SO. Colourless RCHO 
C solution 
(Schiff's Reagent) 


RCOOH + Pink colour 


?NH,CÉ 
p-Rosaniline Hydrochloride 
Magenta colour (Fuschin) 
Ketons are not easy to oxidize so they do not give these 5 tests. These five tests can be used to distinguish 
aldehyde and ketones. Both gives 2,4 DNP test 


KETONES ARE DIFFICULT TO OXIDIZE 


Ketones can be oxidized from their enolic form at high temperature with very strong oxidizing agent. 
Oxidation of ketones is sometimes governed by Popoff's rule. According to this rule carbonyl group 
remains with the smaller alkyl group. More electron rich alkene will be casy to oxidized. 


li О 
Ме-С-Ме DL. MeCOOH + CO, H,O 


Allylic oxidation 
SeO, is a selective oxidizing agent with converts —CH,— group adjacent to carbonyl group into carbonyl 
group. The reagent, in general, oxidises active methylene and methyl groups to ketonic and aldehydic 


groups respectively. 
о О 
| Sed, if if | Se | | 
-CH,-C- ———-C-C-;-C-CH, ——-— -C-CHO 
Double bonds, triple bonds and aromatic rings may also activate the methylene group. The methylene or 


methyl group a to the most highly substituted end of the double bond is hydroxylated according to the 
order of preference of oxidation CH, > СН, > CH groups. 


OH 


CH,- CH-CH, > CH, = CH- CH, 
Rate of reactivity order 2° C -H» I? C-H» 33 C- H 


CH, - CH = CH - CH-CH, —S&_, санаанан 


H 
CH, . HOCH, 
NL SO, N= ci- ci, 


= CH - CH, —— = 
CH; CH; 
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Reducing agents and their role 


other in THF 
icon 
7 


conn енн | — | — — — 
тсоло[ксцон | * | — — — 
pw eun [= | - —— 
Femon[-eusn. [+ | — — — 
Pec. [сисе | | —- — — 
pec oec | - | - —— 
re [m [= | - — 


* Product is RCHO 
** Catalyst : Ni / Pd / Pt/ Ru 


LiAlH, as a reducing agent: 
(H)*— From LAH 


T 
- (ILIA, С=О 
© 2€ Ө (2)H,0 г 


| 
о 


NaBH, | H; 


inEtOH | ** catalyst 


i 
(H) « —- From Solvent 


(2)H,0 


@  R-C-NH, at R - CH, - NH, 
о 2 
@ — R-C-OR OEY R-CH,-OH + R'-OH 
о (2)H,0 = 
(fv) R-C=N АН у R-CH,-NH, (vy) R-C-OH Ан, 
(20H30 
Wolf Kischner reduction : 
УС =O NH»-NH,/OH” CH, db N, 
Clemension reduction 


Zn(Hg) 
Na AK ———› 
26-0750 pk 


R-CH,-OH 


ALKYL HALIDE 


CHARACTERISTICS 

(a) These are the organic compound in which halogen is directly linked with carbon atom. 
(b) These are also called as Haloalkane. 

(c) Their general formula is C, H., ., X , (X =F, Br, Cl, 1). 

(d) In these compounds, hybridisation state of carbon is sp?. 

(e) In these compounds, geometry of carbon is tetrahedral. 

(f) Central carbon atom has a bond angle of 109° 28°. 

(g) On the basis of no. of halogen atom, these are of following types — 


(i) Monohalide – They possess single halogen atom. 
eg. CH, - Cl, CH, - CH,Br 
(1) Dihalide - These are of three types 
eg. gem dihalide, vicinal dihalide and a, c halide 
(ii)  Trihalide - They posses three halogen atoms. 
eg. CHCI, , CHI, 
(iv)  Tetrahalide — They possess four halogen atoms. 
eg. ССІ, 
(vi) _ Polyhalide а They possess more than four halogen atoms. 


(h _ Alkyl halide shows chain and position isomerism. Ifunsymmetrical or chiral carbon is present 


then it shows optical isomerism also. 


METHODS OF PREPARATION OF ALKYL HALIDES 


(а) 


By Halogenation of Alkanes 


Halogenation ofalkanes takes place by free radical mechanism. 


R-H * X-X —=— R-X+H-X 


R-H + CI-SO,-CI Роне, R-CI SO, + H-CI 


From Alkene ( Hydrohalogenation ) :— 


HH HH 
X H 


Note: From alkyne we cannot obtain monoalkylhalide. 
From Alcohol : — 
(a) Using dry H - X : ~ 

Anhydrous ZnCl, 


R-OH + H-X Ры R-X + H,O 


(dry) 


Note : 
(1) The reactivity order of HX in the abovereactionis- — HI? НВг> НСІ 
(ii) The reactivity order of alcohols in the above reaction is— 3°> 2° > 1^» MeOH 
The above reaction is called as ‘Grove’s Process’. 
(b) Using PCI, : - 3ROH +PCl, ——› ЗК - CI + Н,РО, 
(c) Using PCI, : - КОН + PCI, —— R - CI * HCI + POCI, 
Important Note : — 


Bromine or lodine derivatives can not be obtained from the above reaction because duc to larger size of 
Bromine or lodine, PBr; or PI; are unstable, 
(d) ^ Darzen's Process : - It is the best method for preparation of alkyl halide. 


ROH + SOCI, “=> RCI « HCI +50,7 


From Silver Salt of Carboxylic Acid : 
The reaction is called as ‘Borodiene - Hunsdiecker’ reaction. It is also a good method for obtaining 
alkyl halide, but from this reaction we obtain only bromo derivatives because reaction is based upon 
frec radical mechanism. 


R-C-O-Ag + Br-Br —*— R-Br + CO, 1 +AgBrl 
I 
Note : — 
(1) In the above reaction the reactivity of alkyl group is : 1° > 2° > 3° 
(ii) It is also an example of decarboxylation. 


From Alkyl Halide : 
Finkelstein Reaction : 


R-Br or R-C1+ КІ —“““", R-1+KCI 
In this reaction only exchange takes place and the reaction is called as Halogen exchange reaction or 
‘Finkelstein Reaction’. 


Swarts reaction 


Е/А 
R-BrorR- CI а R-F 


This reaction is called as 'Swarts reaction' 


PHYSICAL PROPERTIES 


(a) Alkyl halides are colourless with sweet smell or pleasant smell oily liquid, whereas 
CHF, CH4CI, CH, - CH, - Е, CH, - CH, - Cl аге gaseous in nature. 
(b)  Alkyl halides having 18-carbon or more than it are solid in nature. 
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(с) Although carbon - halogen bond is polar in nature but alkyl halides are insoluble in H,O because they 
cannot form bond with H,O. 


(d) | Thesearecompletely soluble in organic solvents. 

(c) _ M.P&B.P.« molecular weight. For same alkyl group the order of B.P. is RI» RBr> КСІ> RF 
(f) Polarity order is RF > КСІ> КВг> КІ 

(g) Reactivity order is RI» RBr> RCI > КЕ 

(h) For same halide group reactivity order is 3° halide > 2° halide > 1° halide 


Fluorides and Chlorides are lighter than water where as bromides and iodides are heavier than 
H,O due to more density of bromine than oxygen. CH,I, is heavier liquid after Hg. 


CHEMICAL PROPERTIES 


Oxidation reaction 

(1) Only primary and secondary alkyl halides undergo oxidation. Tertiary alkyl halide does not undergo 
oxidation. 

(ii) Primary alkyl halides give aldehyde where as secondary alkyl halides give ketone in this reaction. 

(ш) Oxidising agent is either ; 
(a) Dimethyl sulphoxide or 
(b) Reaction with (CH,),N, followed by hydrolysis. 

(iv) Reactivity x-number of a-hydrogens. 


о 


ll 
йс Н.Ж ЭЭЭ n-6.6 
= (1) (CHa ig Ng 


(i) H20/H® 


X о 
| ll 
R-CH-R —959* , R.C-R 
(i) (CH2 )g Ng 
(li) M20. H7 


ll 
C,H,CH,- X — 2269, C.H, -С-н 
= Е: H20; H 
Note : (1) Oxidation of Benzyl halides by (CH,),N, is known as sommelet aldehyde synthesis. 
(2) Oxidation of alky] halide with DMSO is known as swern oxidation. 
Reduction : 


Haloalkanes on reduction produces alkanes frequently, reduction is done as follows. 
R-X +2H  —— R-H * HX 


(i) By Nascent hydrogen liberated from Na/C4H;OH or Sn/ НСІ or Zn/ НСІ or Zn-Cu couple! 
C,H,OH etc. 


R-X+2H | — R-H+HX 


(ii) By hydride ion [:H®] liberated from LiAIH 40r NaBH,. It is completed by nucleophilic substitution 
reaction. 
R-X+:H® ——, R-H+:x® 


(ш) ^ Bycatalytic hydrogenation of haloalkane - 
R-X+H,  —CBMSPS ; R-H+HX 


(iv) Byreduction of RI with HI in presence of red P. 
R-X+HI == ӘС 5 R-H+1, 


Reaction with KOH: 
(a) With aqueous KOH ; ~ 


R-X + KOH(aq.) —— R-OH + K-X 
(b) With alcoholic KOH : - Dehydrohalogenation takes place and alkenes are formed. 


R-CH,- CH,- X * KOH(alc.) —› R-CH =CH, 


Reaction with KCN : 
R-X+KCN ——» R-CzN + KX 
Alkane nitrile 

Alkane nitrile is an important compound which gives following products. 

А 3 њо" 

- но 
(ii) R-C=N Patehydniwis ndi ms 

о 


(ii) К-С=М№ — недиле, R- CH,- NH, 


Reaction with AgCN : 
R-X+AgCN —— R-N=C+AgX 
R-N zC оиз, R-NH, + HCOOH 
H 
R-NzC Кашин у RACH, 


2"-amine 
Reaction with KNO, : 


R-X + K-0-N-0 —> R-O-N=O 
alkyl nitrite 


Reaction with AgNO, : 
= 20 
R-X+Ag—O-N=0 —> R- NS 


nitro alkane 
Reaction with KSH : 
R-X +K-SH——> R-SH 


alkane thiol 
Reaction with Na,S :— 
2R-X + NaS ——9 R-S-R 
dialkyl sulphide 
Reaction with Na,SO, - 
alkyl sodium sulphonate 

Reaction is know as *Strecker reaction". 

Reaction with NaOR : 


R-X + МОК ———> R-O-R + NaX 
The above reaction is called as "Williamson ether synthesis". 


Reaction with Ag,O: 
(a) Using dry Ag,O: 
2R-X +Ag,0 — R-O-R+2AgX 
(b) | UsingmoistAg;O: 
2R-X + Ag; O + H,O —— R-OH + 2AgX 

Reaction with Silver Acetate : 
R-X + Ag-O-C-CH, —— R-O-C-CH; 

| | 

о о 

ester 


The reaction is called as ‘Esterification’, 
Coupling Reactions 


(А)  ByWutrz Reaction : An alkane having even number of carbon atoms can be obtained by Wurtz 
Reaction. 


R-X + 2Na+ X-R —9v*"e , R-R + 2NaX 
Alkane having odd number of carbon atoms can be obtained by mixed Wurtz Reaction. 


R-X +X-R’ SS. R-R - R-R' - R-R' 


СН, + CH,-CH.-I DAMES. CH,-CH,* CH,-CH,-CH, + СН,-СН,-СН,-СН, 


(B)  ByWurtz-Fitting Reaction 
R-1* 2Na + Ar —9x***. , R-Ar + 2Nal 


Reaction with metals : 
(a) With Na : — (Wurtz reaction) 


А-Х +2Na +X-R —Y ther , p. R + 2NaX 


(b) With Mg : - (Grignard reaction) 
R-X+Mg Уе, R-Mg-X 


(с) With Zn dust : - (Frankland reaction) 
R-X+2Zn+X-R —— R-Zn-R + ZnX, 


dialkyl zinc 
Dialkyl zinc is known as *Frankland - Reagent’. 
(d) WithLi:- 
R-CI«2Li  —9Y*'er , RLi+LiCI 


alkyl lithium 


Note : Alkyl lithium is more reactive than Grignard reagent. 


Note : 


(e) With Na-lead alloy : — 
4CH3-CH; + 4Na—Pb ——+(CH,—CH, ),Pb + 4NaCI 
І 
TEL (tetra ethyl lead) 
Tetra ethyl lead is used as antiknocking agent. 
Reaction with Benzene : 


H R 
© ERES © +H-X 
The reaction is called as ‘Friedel-craft Reaction’. 


Important Note :- Alkyl halide shows electrophilic substitution reaction in the above reaction, which is 
exception in alkyl halide 


Uses of Alkyl Halides 


(i) 


(vii) 


Alkyl halides are used as weak refrigerants, but more suitable freons are now being used in place of 
alkyl halides. 


Synthesis of detergents is carried out from alkyl halides by Strecker's reaction. 
Synthesis ofantiknock compounds. 


Alkyl halides, especially alkyl bromides and alkyl iodides are used for the synthesis of other organic 
compounds of almost all classes, in laboratory and in industry. 

Alkyl halides are generally used as starting substances for the manufacture of alcohols, ethers and 
esters. 


Synthesis of important organometallic compounds, like Grignard's reagents. Frankland's reagents, etc., 
is carried out from alkyl halides. 


TYPES OF DIHALIDES 


Dihalides are of two types : – 

(a) Gem dihalide : These are the halides in which two identical halogen atoms are attached on same carbon. 

(b) Vicinal dihalide: In these halides two identical halogen atoms are attached on adjacent carbon atoms. 
METHODS OF PREPARATION OF GEM DIHALIDES 


(a) From Alkyne (By hydrohalogenation) : — 


X 
R-C=C-H+HX —» R-Ç=Ç-H - ЕЕ в-б-сн, 
хн x 


(b) From carbonyl compounds : — 
R CI 
RCHO + PCI x POCI 
E + 
а.а 3 
н “а 


(terminal dihalide) 
Note : If ketone 15 taken internal dihalide is formed. 


METHODS OF PREPARATION OF VICINAL DIHALIDES 


(a) From Alkene (By halogenation) :— 
R-CH-CH, + СІ, ——+ R-CH-CH2 


id 
(b) From Vicinal glycol : — 


БЕРОН „РОБ. ВОНО rel + эрос. 
CH;—OH  PCls CH;-CI 


PHYSICAL PROPERTIES OF DIHALIDES 


(a) Dihalides are colourless with pleasant smell liquid, Insoluble in water, soluble in organic solvent. 

(b) Melting point and boiling points are directly proportional to molecular mass but boiling point of 
vicinal dihalides are more than gem dihalides. Also, reactivity of vicinal dihalide is more than 
gemdihalide, but these are less reactive than monohalide. 


CHEMICAL PROPERTIES OF DIHALIDES 


(a) _ Reaction with aqueous KOH : ~ 
R X R 


+ KOH(aq.) — у> 
н Nx È / Хон 280° н 


R-CH-X + kOH(aq.) R-CH-OH 
к? "| 

CH;-X CH;-OH 

glycol 


(b) Reaction with alcoholic KOH : — 


HX iH X! 
ГЛ Aic KOH = i NaNH, 
R-C-C-H qa? В-С=С-Н — асай? R-C=CH 
X H 
ty 
R-C=C-H NaNH, 
R-C-C-H_ MOH —. i 
l l -[KX4H;O) Uu i -[NaX4NH, ) R-C=CH 


(c) Reaction with zinc dust : Gem dihalide reacts with Zn dust to form higher symmetrical alkene 


while vicinal dihalide reacts with Zn dust to form respective alkene. 


Note — a, @ dihalide form cyclic alkane. 
CH; 


A 
CH;- CH;- бн +Zn ax? CH, ——— CH, 
X X 
(d) Reaction with KCN : 


R X | K-CN R CN R 
Nr "u^. ш ы 
+ — жу A. oo C 
T d A e K-CN 4 Non nc uA “соон 


R-CH-X  K-CN R-CH-CN „oo  R-CH-COOH 
bux + ксы ЖХ* бн, см Wee? бн, соон 


(е) Other substitution reaction : — 


CH, -X NH (373K tc = 
CH, -X CH, - NH; 
ethylene amine 


CHz-X _ zcmcoona , CH2-OCOCH, 


+ 
CH,-X ¢H,-ococ, * 2^аХ 


TRIHALIDES 


Trihalo derivatives of alkanes are known as trihalides. Reaction of method of preparation of trihalides is 
known as haloform reaction. 


TRIHALOALKANES : HALOFORM : СНХ, 


Preparation of Haloform 
C.H.OH S. 
CH,COCH, = CHX, 
CH,CHO Haloform 


* The following compound give haloform reaction. 
* Acetaldehyde, all methyl ketones, acetone, ethylalcohol, all 2-alkanols etc. 
When the following compounds are heated with alkali and halogen haloform is obtained. 


or Г” 
шы? ү: CH,CO — group 
Lait group 
or 


H 


= 
a s all 
H alkyl group 


Example of methyl ketone: 
(i) Acetone (CH,-CO-CH,) 
(п) Butanone (CH,-CO-CH,;-CH,) 
(ili) 2-Pentanone (CH,-CO-CH,-CH,-CH,) 
(iv) 3-Methylbutanone (CH,-CO-CH(CH,).j 
Haloform Reaction 


C3H;OH + 4X, + NaOH ——>» CHX, + 5NaX + 5H,0 + HCOONa 


CH4COCH, + 3X; + 4NaOH—— CHX; + 3NaX + CH,COONa + 3H,O 


(i) Chloroform : СНСІ, 

Preparation of Chloroform 
1. Laboratory Methods — Chloroform Reaction 

On heating ethyl alcohol with bleaching powder, the reaction occurs in the followings steps : 
(i) CaOCl, + H,O > Ca(OH), + 2CI 
(i) © CH,CH,OH + 2CI 2 CH,CHO + 2HCI 
(ш) CH,CHO+6Cl—CCI,CHO+3HCI 

` Chloral 


(iv)  2CC1,CHO + Ca(OH), > 2CHCI, + (НСОО),Са 
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Note : (i) Chloral is an important compound and when it reacts with chlorobenzene in presence of conc. 
H,SO,, then it form an important compound DDT (Dichloro Diphenyl Trichloro ethane ) 


Conc. 
CHhC-CHO + ©) SO, = 


DDT [1,1,1-trichloro-2,2-bis (parachloro phenyl) ethane] 


(ii) Preparation of pure Chloroform — Alkaline solution of chlorohydrate is used in the formation of 
chloroform. Which on distillation gives pure chloroform as follows : 


| OH 
NaOH 
2 distillati CHCI, + HCOONa + H,O 
| OH 
chloral hydrate 


Preparation of trihalide using ‘Pyrene’ : 
CCI, + 2Н ESMO reduction, CHCI + НСІ 


PHYSICAL PROPERTIES 


(a) Chloroform is colourless with pleasant smell. 

(b) Insoluble in water and soluble in organic solvent. Vapours of chloroform are poisonous in nature. 
(c) It cause temporary unconsciousness, so used as an anaesthetic agent. 

(d) Boiling point of CHCI; is 61°C. 

(e) It is best solvent for fats, oil and wax. 

(f) lodoform is yellow crystalline solid. It has melting point 119°C. 


CHEMICAL PROPERTIES 


Oxidation : In presence of light it forms poisonous gas phosgene with atmospheric oxygen or with air. 
СНСІ, + 1/2 O, NAE. осо + НСІ 


For protection it is kept into dark room in coloured bottle filling completely. For removal of phosgene we 
can use 0.5 to 1% ethanol solution which converts poisonous phosgene into non-poisonous salt diethyl 


carbonate. 
2Hs 
25 


Note : We usesilvernitrate solution to check the impurity of phosgene in solution which will form white 
ppt. of AgCI with НСІ 
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Reaction with HNO, : 
CI CI 
CLHEEHEEiNo, ^, сыб-но, 
CI CI 
tcar gas 
(chloropicrin) 


Reaction with Acetone : 


l 
BANS PNIS Eis ——» СНз Нз 
CI о H 
chloretone 
chloretone is used as a hypnotic agent. 


Reaction with Primary amine : 


RNH,+ CHCI, + KOH (alc.) ——> R-N = C * KCI + H,O 
The reaction is called as * Hoffman-carbylamine Reaction’ or ‘Isocyanide-test’. These isocyanides 
(product) has offensive smell. So, the reaction is used to test 1° amine. Reacting species of reaction is 
dichloro carbene. 
Reaction with Phenol: The reaction is called as 'Reimer-tiemann Formylation'. 

он 


он 
CHO 
+ CHCl:KOH(aq) жеги? 


salicylaldehyde 
or 
(o-hydroxy benzaldehyde) 


Reaction with 2- Butene : 
H 


| сну-Сн› 
CH;-CH CH4-CH 3Na0H 3 OH CH3-CH2 
1,7 HCC, — INCI ) сн бнс eS 
- —OH H-C= 
сну-©н CH;-CH-CCl, " “он cH e 7 [9] 
OH 


2-methyl butanoic acid 
Reaction with aq. NaOH: 


x P Р 
CHCI; + 3NaOH(aq.) — Н-ССОН + 2NaCl — pp > НЫС) „©“, н;о+ ud " 
‘oH 2 OH O^ Na' 


Unstable 
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Uses 


ч р р Ж, Ж-„ 


Reaction with silver powder 
(Dehalogenation) : 


СНХ; +6 Ag ae СН = СН + 6 АРХ 
Reduction: 


CHCl, E. CH;CI, + НСІ 
A 


CHCI, —“4— CH,CI « 2HCI 
Zn; HC} 


+6H 
CHCl; мо” CH, * 3HCI 
As an anaesthetic 
As a solvent for fat, oil and non-polar substances 
Asanantiseptic 


In the manufacture of a hypnotic drug named chloretone 
In the manufacture ofa war gas named chloropicrin 

In the manufacture of triphenylmethane dyes 

In the manufacture ofa polymer named teflon 


IODOFORM CHI, 


lodoform Reaction 


A yellow precipitate of CHI, is obtained on mixing saturated solution of sodium carbonate in the com- 
pound that gives haloform reaction, and heating the solution with adding iodine pinch by pinch. This 
reaction is called iodoform test. 


Na,CO, is a strong base due to hydrolysis of CO,” ion. 


R R 


| | 
CH.-CHOH + NaOl ————» CH,-C-O + Nal + H,O 
2-Hydroxy 2° alcohol 


R R 
| 
cu Lo + 3NaO| ———> Cl,-C=0 + 3NaCH 


R 
| 
о-о + NaOH — —» СНІ, + COONa 


TETRAHALIDE 'PYRENE' 


General method of preparation : 
From CS, : - 


CS) +3CI-Cl 25. CCI, +S,Cl, 


sulphur 
monochloride 


2S,Cl, + CS, —————> ССІ, + 65% 
The reaction is used for industrial production of CCI,. 
From CH,: 


From CHCI, : 
CHCI, + CI - СІ __utravicletignn , ССІ, + НСІ 


Physical Properties : 


(a) It iscolourless liquid with specific smell. It is insoluble in water and soluble in organic solvent. 


(b)  lItistheonly organic solvent which is non-combustible. So used as fire-extinguisher called as 


‘Pyrene’. 


Chemical Properties : 
(a) It reacts with hot H,O or with water vapour and forms poisonous gas ‘Phosgene’. 


CCl, + HO(g) —+, COCI, + 2HCI. 


(b) It reacts with aqueous or alcoholic KOH and forms inorganic salt potassium carbonate. 
CCl, + 4KOH (aq.) —age-> СОН), —ázá5— CO, — 7 K,CO, * HO 


(unstable) 
(c) It reacts with phenol and forms salicylic acid. 
on он 
+сс„ —20Kou G^" 


The reaction is called as *Riemer-Tieman Carboxylation’. 


(d) Reaction with benzene. 
E" JO 


-2НСІ 


dichloro diphenyl methane 
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FREONS 


These are poly chlorofluoro derivative of alkane. 
Preparation of freons : 


CCl, + HF __ Sh , ССІ,Е + НСІ 
СС *2HF . $€& , С,Е,СІ, + 2HCI 
hexachloro ethane freons—112 


Nomenclature of Freons: 
The common name of freonsis Freon - cba or freon C - 1, Н + 1, Е, where 
c = no. of carbon atom -1, b = no. hydrogen atom + 1, а = total no. of atoms of fluorine 
eg. CFCI; C-1=0,H+1=1,F =1 Freon-11 


Freon-112 
Freon-113 
Freon-114 
Freon-115 


Properties & uses of freons : — 

(a) Freons are colourless, odourless, unreactive & non-combustible liquids. 

(b) Having very low boiling points (e.g CFC], = – 29.8°C). They easily converted from gaseous 
state to liquid state, therefore they are used as a coolant in A.C, & Refrigerator. 

(c) Used as a aerosole propellant in aeroplane & rockets. 

(d) Also used as a solvent. 


Note : CFC is the main cause of Ozone layer decay (CFC – chlorofluoro carbon) 
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GRIGNARD REAGENTS 
Organomagnesium halides were discovered by French chemist Victor Grignard in 1900. 
PREPARATION OF GRIGNARD REAGENTS 
GR. are prepared by the reaction of organic halide (RX) with Mg in dry cither solvent. 
Dicthy! ether 


RX + Мр — "7 RMgX 


кыо 


ArX + Мр — 7 ArMgX 


The order of reactivity of halides with Мр is : 
RI> RBr> RCI 


GR. forma complex with ether solvent and formation of this complex imparts stability to GR. 
К... =. R 
Q 
R-M X 
i AB 


9 
э 
R^ oR 


The method (which can be used for 1°, 2° and 3° alcohols) is little used in practice, since an alkyl halide 
can be converted into the corresponding alcohols. 


REACTIONS OF GRIGNARD REAGENTS 
1. Reaction with carbonyl compounds : 
GR react with carbonyl compounds to give 1°, 2° and 3° alcohols. 


(а) GR. react with formaldehyde (methanal, HCHO) to gives 1? alcohol. 


н н, н 
| HE о" | 

нс Н» н 6 - gi Mex 9н -C -OH + Mg 
-0 +5 Hi 


1° Alcohol 


(b) GR. react with all other aldehydes to given 2° alcohols. 


E" | | y 
tv ; 
zd —EHlher рс омех 225 R-C- OH * Mg 
5—35 S | H | 

H H 


OH 
2° Alcohol 
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(с) GR. react with ketones to give 3° alcohols. 


R' к R' X 


| 
c+ M» R"-C-0+ Мұх HO", pe a, 
OH 


^ | H; OH | 
AS Mex R R 
3° Alcohol 


Reaction with ester : 

Two moles of GR. reacts with esters to give 3° alcohols. One mole of GR. reacts with esters to form 
ketones. Ketones are more reactive towards GR. than esters. Therefore, as soon as a molecule of the 
ketone is formed in the mixture, it reacts with a second molecule of GR. After hydrolysis, the product is 
3° alcohol, with two same alkyl groups that correspond to the alkyl portion of the GR. 


R' 
= Ether | -R"OMZX 
T \ А c ый -0-MgX Spontaneously 
O-R" 
R: MgX Initial product 
unstable 


For example: 


Me 


| ТНЕ, А | 
Сну C-O- Me +2Me} MgBr "TUE C.H. -C -OH 
Methyl propanoate (i) H у 
Ле 


2-Mcthy!-2-ol 


Reaction with dialkyl carbonate : 
Preparation of 3° alcohol containing three identical alkyl groups : 
This may be prepared by the reaction between 3 mol of GR. with 1 mol of diethyl carbonate . 


О 
[| 
m - € - OC,H, or (C.1LO) C О | 


For example 


3EtIMgBr + (E1t0)C=O Et Et 
Ethylmagnesium — Ethylmagnesium —> — OH 
bromide bromide HO” Et 


Reaction with alkanoyl halide: 


1 
Two moles of GR. reacts with acid halids | К — C — X J to give 3° alcohols. 


О 


One mole of GR. reacts with acid halids | R — C — X } to form ketones. Ketones are more reactive than 


acid halides. Therefore, as soon as a molecule of ketone is formed in the mixture, it reacts with a second 
molecule of GR. After hydrolysis, the product is 3° alcohol, with two same alkyl groups that correspond 
to the alkyl portion ofthe GR. 


R' LI t 
R! -MgX к 5 38 E 
\ Eth IN idi dus e 
Cc Oe э и. R-C-0-MgX Spontaneously, Ye-o _КМЕХ, R.C-O!MaX 
Wy 3 Gx к. i. 
К: МЕХ Initial product |н o 
Acid halide ustable R 
| 
R-C-OH 
R 
3" Alcohol 


For example : 


C.H, 
er | "ч М | 
wa А d б, (i) THE, A 
{CH,+ C—O-Cl+2 CH,MgBr ————5 ,-C- 
СН, С:Н;Ме (ii) HO CH ia OH 
Ethanoy! chloride CH 
or apt 5 
Acetyl chloride = 3-Mcthylpctan-3—ol 


о 

| 
Two moles of GR. reacts with formyl halides or methanoy! halides | H — C — X } to give 2° alcohols, 
with two same alkyl groups that corresponds to the alkyl portion of the GR. 


H ' 
н -MeX, R РТРС R i 
NN IN : | +0 pr 3 
“ = - С -F taneous! os RM ' E 
c Ое ә |К € O-MgX| _Spontancously, | ij. Gag | _КМЕХ H-C-QiMgX 


К: Max Initial product H,O" 
Acid halide ustable R 
| 
R-C-OH 
R 
2* Alcohol 
For example : 
C.H, 
| a> (i) THE, A | 
H-C-Cl + бс.Нумьвг -THEA i c ou 
a nde E^ EU C G)HO dia 
ethanoy! chloride 
MT ch 
Formyl chloride 2R (2° alcohol) 


(Pentan-3-ol) 


Il 
Reaction of dialkyl cadmium (R,Cd)or dialkyl lithium cuprate with acid halides | R — C — X / gives 


I 
ketones and with formyl halides (H — C — X / gives aldehydes. 


о 
| | 
(02&®-С-х+аса —ЇНЬ& › og C +сах, 


| Р | 
(i) H-C-X+Rcd —THEA, н-с-к'+сах, 


Reaction with anhydride: 


о о 
Il | 
Two moles of GR. reacts with acid anhydride | R -C—-O- C- R J to give 3° alcohol. 


Acid anhydrides react in the same way as ester, and acid halides react with RMgX. 


ё —N:7 | к 
. ther 2 А 
G 9-С К a 9-C-R| а С. омұх 
02 О ; МЕХ 
TN 
К: MgX 


3° Alcohol 


Reaction of RMgX (GR.) with oxirans (epoxides) and other cyclic ethers : 


RMgxX reacts with oxiranes orcyclic ethers via SN? mechanism. The R® (nucleophile) of RMgX 
attacks the partially charged C atom of oxirane ring. Since it is highly strained, the ring opens and forms 


a salt of 1°C alcohol, which gives alcohol on acidification. 


є R 
+5 48 - 48 X 
E +d Ф 
_+R:MeX — 20 VT Еа тд e 
-ò H! OH OH 
34-5 145 г 
-4 PhCH. MgBr LET HO’ 
A Л —Á— M» 
Е О Mgr 
2 Benzyl ! 
МЕ: magnesium Me HOH Ме он 
2-Methyl bromide 
oxctanc S-Phenyl pentan-2-ol 


7. Reaction with О, : 


GR. react with O, to give I? alcohol 


H 
LI 
5 i 
В MpX+ O70 -» R-O-O-Mgx —MEX,, 2R- омех ——> 2ROH + Mg 
он 
For example: 
H 
1. THF. A 
2C.H.MgBr + O, no *? 2C.H.OH + Mg 
Ethanol NC 
OH 
8. Reaction with acids : 


RMgxX gives alkane (R-H) on reaction with acids 
R-MgX*H-X9R-H * MgX, 


Zou 
R-MgX + H,O > R-H+ Mg Me, 


9. Reaction with R-CN : 
RMgx gives ketone on reaction with R-CN 


R 


5 | К | 
к-с у Кл —> R'-C=NMgx —Ч© ›к'—-с=0 


Ketone on further reaction with RMgX gives 3° alcohol. 


Es к R x 
(x Ether К. HO" | em 
c= —— A4 -MgX ———» R-C-O0H * M 
g) £ 
2$ 9 OH | 
R К: МЕХ R R OH 
3* Alcohol 
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CO-ORDINATION COMPOUNDS 


INTRODUCTION 


(a) 
(b) 


The concept of coordination compounds arises from the complex formation tendency of transition elements. 
These compounds play a vital role in our life. Haemoglobin of animal blood and chlorophyll of plants are 
also coordination compounds of Fe and Mg respectively. 


COMPLEX FORMATION 


Transition metal ions have maximum tendency to form complexes. In the formation of complexes they 
form coordinate covalent bonds and act as electron pair acceptors. 

Transition metal ions have smaller size and have high positive charge i.c., high charge density. Duc to this 
they have maximum tendency to accept electrons. They have vacant ‘d’ orbitals available on them hence 
they can accept lone pairs of electrons forming coordinate covalent bond. 

The greater the charge density on the transition metal ion, the greater they have tendency to form com- 
plexes. Thus Ti*? to Ni? the stability of complexes formed goes on increasing. 

Compounds like NaCl, Al,(SO,), and K,SO, provide only two types of ions in aqueous solution i.e., 
cations and anions, are called as simple salts. 

When two or more simple salt solutions are mixed and then subjected for crystallisation, the crystals 
which are obtained are of addition compounds. 


MOLECULAR OR ADDITION COMPOUNDS 


(а) 


(b) 


(c) 


When solutions containing two or more simple stable compounds in molecular proportions are allowed 
to evaporate, crystals of new substances are obtained. These substances are termed molecular or addition 
compounds. 


Some common examples are as follows. 
CuSO, + 4NH, — CuSO, 4NH, 
AgCN + KCN > KCN. AgCN 
simple stable Addition or 
compounds molecular 
compounds 
4 KCN + Fe(CN), — Fe(CN),.4KCN 
K,SO, + Al, (SO), + 24H,O — K,SO, AL(SO,),. 24 H,O 
Alum 


The molecular or addition compounds are of two types : Double salts or lattice compound and coordination 
or complex compound 


Classification on the basis 
of individual test of ions 


1. Double salt 2. Complex compound 


1. Double salts or lattice compounds 
(a)  Theaddition compounds which are stable in solid state only but are broken down into individual constituents 
when dissolved in water are called double salts or lattice compounds. 
(b) Theirsolutions have the same properties as the mixture of individual compounds 
(c) For example when carnallite (KCl. MgCL. 6H,O) is dissolved in water it exhibits the properties of KCl 
and MgCl, 
2. Coordination or complex compounds 
(a) . Theaddition compounds in which some of the constituent ions or molecules lose their identity and when 
dissolved in water they do not break up completely into individual ions are called coordination compounds 
(b)  Theproperties of their solutions are different than those of their constituents. 
(c) In such compounds there is complex ion which is a central metal ion with lewis bases attached to it 
through coordinate covalent bonds. 
(d) Ол the basis of stability of complex ion, complex ions are further divided as follows. 
(1) Perfect complexes : Those in which complex ion is fairly stable and is either not dissociated or 
feebly dissociated in solution state, e.g. 
K,[Fe(CN),] ә 4K* + [Fe(CN),]* 
i 
Ее" + 6СМ 
(feebly dissociated) 
The ferrocyanide ion [Fe(CN),]* is so insignificantly dissociated that it can be considered as 
practically undissociated and does not give the test of Fe™ or СМ ions 
(ii) Imperfect complexes : Those in which complex ion is less stable and is reversibly dissociated to give 
enough simple ions and thus imparts their tests, e.g. 
K,[Cd(CN),] — 2K' + [Cd(CN),]- 
i 
Cd" + 4CN 
(appreciably dissociated) 
Note : An imperfect complex may be too unstable to exist and may be completely dissociated in 
solution, it then becomes a double salts 
Illustration 
1. Study the following double salt and write the type of ions which can be tested in their aqeous solution. 
Salt Ions can be tested 
(а) K,SO,.AL(SO,),.24H,O 
(b) (NH, ), $О,.А! (SO, ),.24H ‚О 
(с) K,SO, ‚Сг (SO AP 24H ‚О 
(d) Е eSO, Al (50, ),.24H Ke 
(с) AL(OH), PO, Н Г 
Sol. Salt Ions can be tested 
(a) K,SO,.Al(SO,),.24H,O К“, AIP, SO? 
(b) (NH, ), SO..Al {SO,), 24H Кө, МН,', АР", SO,* 
(с) K,SO, .Cr. «SO, 9. 24H ‚О КС, ЗОЛ 
(d) FeSO, “Al «SO, ),.24H О Fe"; AP’, SO? 


2 


(с)АІ(ОН),РО, Н.О AI, OH , РО? 


Exercise 


Sol. 


Predict which among the following properties given below belong to double salt and co-ordination 
compounds. 
(a) The blue coloured solution prepared by Cu**(aq.) and МН (ХН, aq.) does not show the presence 


(c) Aq. solution of carnallite (................. ) 

(d) The Compounds in which central metal ion form dative bonds with species surrounding it. (............... ) 
(c) Mohrs salt (.............. ) 

(a) Co-ordination (b) Doublesalt (c) Double salt (d) Co-ordination (e) Double salt 


VARIOUS TERMS USED IN CO-ORDINATION COMPOUNDS 


(a) 


(b) 


(c) 


(d) 


Complex ion : An aggregate of metal ion with anions cation or neutral molecules is called as complex 
ion. The metal ion which forms complex ion in combination with anions or neutral molecules is called as 
central metal ion. Central metal ion acts as an electron pair acceptor and forms coordinate covalent 
bond. Theanionsorneutral molecules which combine with central metal ion to form complex ion are 
called as ligands. They act as electron pair donors or Lewis bases. 


Central metal ion : 


(1) The metal ion which forms complex ion in combination with anions or neutral molecules is called 
as central metal ion. 

(ii) Central metal ion acts as an electron pair acceptor and forms coordinate bond with ligands. 

Coordination Number : 


(i) The number of atoms of the ligands that are directly bond to the central metal atom or ion 
by coordinate bonds is known as the coordination number of the metal atom or ion. 

(ii) It is actually the number of coordinate covalent which the ligands form with the central metal 
atom or ion 

(ш) Some common coordination numbers exhibited by metal ions аге 2,4,6. The light transition 
metals exhibit 4 and 6 coordination numbers while heavy transition metals may exhibit 
coordination number more than 6 

(ivy)  Forexample, the coordination number of Ni іп the complex [Ni(NH,),]CL is 4 and that of Pt in the 


complex К,[РІСІ,] is 6 

Coordination sphere-(entity) : 

(i) The central metal atom and the ligands directly attached to it are collectively termed as the 
coordination sphere. 


(ii) Coordination sphere is written inside square bracket, for example [Co(NH,),] ag 
(iti) The part outside the bracket is called ionisation sphere. 

(iv) The species present in the coordination sphere are nonionizable. 

(v) The species present in the ionization sphere are ionisable. 


А 
NSM € 
| 


i Cu | 
TA N H 


NH, 


so, 


(е) 


(f) 


(g) 


(I) 
() 


(ii) 


Oxidation state : 

(i) It is number which represents the electric charge on the central metal atom ofa complex ion. 

(ii) Example the oxidation number of Fe, Co and Ni in [Fe(CN),]*, [Co(NH,),]* and Ni(CO), is 
+2, +3 and zero respectively. 

Charge on the complex ion : 

It is the algebraic sum ofthe total charge of the ligands and central metal ion. 

Ex. K,[Fe(CN),] total charge on the complex ion is — 4. 


Ligands: 

(i) The anions or neutral molecules which combine with central metal ion to form complex ion 
are called as ligands. 

(ii) They act as electron pair donor or Lewis bases, but strong crystal field ligands like CO, CN- 
etc. can also accept electron pair from the metal ion, because these ligands are x-acids ligands. 


Classification of the Ligand 


on the basis of 
(I) Denticity (II) Charge (III) Lone pair of 
(i) Monodentate (1) neutral e donating/accepting 
(ii) Bidentate (п) -ve tendency 
(iii) Tridentate (ш) +ve (1) Classical 
(iv) Tetradentate (ii) Non-classical 


(v) Pentadentate 
(vi) Hexadentate 


CLASSIFICATION ON THE BASIS OF DENTICITY 


Mono-or unidentate ligands : They have one donor atom, i.e. they supply only one electron pair to 
central metal atom or ion. 
Examples: Е, СГ, Br , H,O, NH. CN , NO, , OH ‚СО, Py, Н" 


Bidentate ligands : Ligands which have two donor atoms and have the ability to link with central metal 
ion at two positions are called bidentate ligands. Some examples are : 


Ii 
CH, ——N Z DR d о 
AAT. Ny 2 EN (sac) 
H О о : 
salicylato 
Ethylenediamine (en) Oxalate (ox) 


„М, 
О О 
Yo D 
CH/ Хен 2 “cu, 


(acac) 
1,10-Phenanthroline (o-phen) acetylacetonato 


H 
| 
—H 
| i g 7x "AR 
| 2 OO FP 
О 
Glycinato (Gly) 2,2"-Dipyridyl (Dipy) Carbonato 


(i) ^ Tridentateligands : The ligands having three donor atoms are called tridentate ligands. Examples are: 


н N N= al 
ON ES Ol | JO 
ү" | 
нс е О) 
н 
Diethylene triamine (Dien) 2,2°,2”-Terpyridine 
(terpy) 
(iv) _ Tetradentate ligands : These ligands possess four donor atoms. Examples are: 
H H 
| | 
H2COO N~{CHa—N 


goon 8€ 
CH;COO' "f ©, 
e "a 


be ee 


we) | 
н H н 4H 
(Nitrilotriacetato) Triethylene tetramine 
(NTA) (Trien) 


(у) Pentadentate ligands : They have five donor atoms. For example, ethylenediamine triacetate ion. 


о—с==о 
[e] 
—c—0 d a 
== » c 2 
Gi" (CH; == N —— CH; 
H 


Ethylenediamine triacetato ion (EDTA) * 
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(vi) 


Hexadentate ligands : They havesix donor atoms. The most important example is ethylenediamine tetraacetate ion. 


к yl CH; 
lt Av 


Ethylenediamine tetraacetato ion (EDTA )* 


Classification of ligands on the basis of donor and acceptor properties of the ligands 


(A) 


(B) 


Ligands having one (or more) lone pair (or pairs) of electrons 
(a) Ligands which contain vacant z-type orbitals that can receive back donated т electron from 
metal ion in low oxidation state. 
e.g.: CO, NO, CN, NC, R-NZ C, К,Р, R,As 
œ, ao-dipyridyl, o-phenanthroline 
(b) All these ligands also have filled donor orbital in addition to vacant zt-type acceptor orbitals. 
(c) Thus inthese complexes both metal and ligand function as donors and acceptors 
(M——L) 
(d) Ligands which do not have vacant orbitals to receive back donated electron from metals 
e.g. HO, NH, Е. 


Ligands having no lone pairs of electrons but have x bonding electron 
c.g. Ethylene, benzene, cyclopentadienyl-ion 
K[PtCL (C.H )] Zises salt 


SPECIAL LIGAND 


(1) 


(2) 


(3) 


Polydentate ligands : have Flexidentate character, it is not necessary that all the donor atoms present 
in the polydentate ligands should form coordinate bonds with central metal atom or ion. 


Ambidentate Ligand : Ligands which can ligate through two different atoms present in it are called 
ambidentate ligands. Examples of such ligands are the NO, ~ and SCN- ions. NO, —ion can coordinate 
through either the nitrogen or the oxygen atoms to a central metal atom/ion. Similarly, SCN ion can 
coordinate through the sulphur or nitrogen atom. Such possibilities give rise to linkage isomerism in 
coordination compounds. There are certain ligands which have two or more donor atoms but during 
formation of complexes only one donor atom is attached to metal ion. Such ligands are called ambidentate 
ligands such as CN , CNS 


Chelating ligands. 

(a) Polydentate ligands whose structures permit the attachment of two or more donor sites to the 
same metal ion simultaneously, thus closing one or more rings are called chelating ligands and the 
compounds formed are known as chelate compounds. 

(b A chelate may be defined asa ring structure formed by the combination ofa polydentate ligand 
having two or more donor atoms with a metal ion forming part of the ring. 


(c) | Theprocess of formation of chelates is called chelation, 

(d) Chelate complexes are more stable than ordinary complexes in which the ligand is a monodentate 
(e) This increased stability of the compound due to chelation is called the chelate effect 

(f) In the complex ion given below, 5 membered rings are formed. So all these are called chelate 


2* 
| Снан. „МСН 
complexes | | 
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(g) Generally the chelate complexes with 5 or 6 membered rings are more stable. 

(h) Out ofthese, 5 membered rings are very stable when they involve saturated ligands. 

(1) On the other hand 6-membered ring structures acquire maximum stability when they involve 
unsaturated ligands containing conjugate double bond. This is due to the resonance effects involving 
metal d-orbitals and ligand p-orbital electrons. 


Hlustration 
l. Match the Column. 
A B 
(1) Ligand contains one donor site (a) hexadented 
(ii) Ligand contains two donor site (b) tridented 
(iii) Ligand contain three donor site (c) tetradented 
(iv) Ligand contain four donor site (d) bidented 
(у) Ligand contain six donor site (e) unidented 
Sol. (1) - (е); Gi) - (d); (iii) - (b); (iv) - (c); (v) - (а) 
Exercise 
1. In the coordination compound, K ,[Ni(CN),], the oxidation state of nickel is : 
(A)-1 (B)0 (C) +1 (D) *2 
Ans. (B) 
2; Which of the following species is not expected to Беа ligand 
(A) NO* (B) МН; (С) NH,-NHj (D) CO 
Ans. (B) 


WERNER'S COORDINATION THEORY 


Alfred Wemer (considered as the father of coordination chemistry) studied the structure of coordination 
complexes such as CoCl,. 6NH, and CuSO,. 4NH, in 1893. 


According to him : 

(a) ^ Each metal in coordination compound possesses two types of valencies : 
(1) primary valency or principal valencies or ionisable valencies. 
(ii) Secondary valency or nonionisable valencics 

(b) Primary valencics are satisfied by anions only. The number of primary valencies depends upon 
the oxidation state of the central metal. It may change from one compound to other. These are 
represented by dotted lines between central metal atom and anion. 


(i) 


(ii) 


(ш) 


(с) Secondary valencies are satisfied only by electron pair donor, the ions or the neutral species. 
These are represented by thick lines. 

(d) Each metal has a fixed number of secondary valencies, also referred to as coordination number. 
The coordination number depends mainly on the size and the charge on the central atom. The 
maximum number of ions or molecules that the central atom can hold by secondary valencies is 
known as coordination number. 


(e Тһеіопѕ абасһей to primary valencies possess ionising nature whereas the ions attached to 
secondary valencies do not ionise when the complex is dissolved in a solvent. 


(f) Every central ion tends to satisfy its primary as well as secondary valencies. 

(g) The secondary valencies are directional and are directed in space about the central metal ion. 
The primary valencies are non-directional. The presence of secondary valencies gives rise to 
stereoisomerism in complexes. 

(h) Initially, Wemer had pointed out coordination number of a metal atom to be four or six. 


(1) The six valencies were regarded to be directed to the corners of a regular octahedron 
circumscribed about the metal ion. For metals having four coordination number, the four valencies 
are either arranged in a planar or tetrahedral nature. 


(j) Fe(NH,),Cl, forms 3 moles of AgCI in the form of precipitate on addition of AgNO, solution. 

This indicates that the complex ionises as 

Fe(NH4),Cl, —t20_, Fe(N Hy? +3CF 

Electrical conductance of complexes - More the number of ions provided greater is the electrical con- 
ductance ofthe complex in aqueous medium. 
e.g. - The electrical conductance of aqueous Fe(NH,), Cl, is greater than that of aqueous solution of 
[Fe(NH3);CI] CL. [Fe(NH3),CIJCI, ~» [Fe(NH4);C IJ? + 2С1- Total 3 ions 
Representation of complexes – Werner's representation for Fe(NH),Cl, 


(Dotted lines indicate primary Valency and continuous lines indicate secondary valency of metal ion.) If 
the complex is 

Fe(NH,);Cl, Then in this complex “СГ groups act as primary valencies and one of the ‘CI’ acts as 
secondary valency also. Thus werner's representation for this complex will be 


Fe(NH4),CI, In this complex “СІ” groups act as primary valencies and two of the “СЇ” group act as 
secondary valencies also. Thus this complex is represented as 


Illustration 


When AgNO, is added to a solution of Co(NH,),Cl,, the precipitate of AgCI shows two ionisable 
chloride ions. This means — 

(A) Two chlorine atom satisfy primary valency and one chlorine atom satisfies primary valency as well 
as secondary valency. 

(B) One chlorine atom satisfies primary valency. 

(C) Two chlorine atoms satisfy secondary valency. 

(D) Three chlorine atoms satisfy secondary valency. 


Ans. (A) 
Sol — [Co(NH,),CI]CI, — These two СІ show PV 
This one CI show PV as well SV 

Exercise 

1, А co-ordination complex of cobalt has molecular formula containing five ammonia molecules, one nitro 
group and two chlorine atoms for one cobalt atom. One mole of this compound produces three mole 
ions in an aqueous solution. In reacting this solution with excess of silver nitrate solution, two moles of 
AgCI get precipitated. The ionic formula of this complex would be ~ 
(A) [(Co(NH;),.NO;CI].[(NH4)CI] (В) [(Co(NH,),Cl].[CI(NO,)] 
(C) [(Co(NH,);(NO,)]C1, (D) [(Co(NH,);]-{(NO,),C1] 

Ans. (C) 

2. Give the correct increasing order of electrical conductivity of aqueous solutions of following complex 
entities — 
I. [Pt(NH,),JCl, II. [(Cr(NH,),]CI, III. [Co(NH,),CI,JCI IV. K,[PtCl,] 
(A)II«IV«H«I (В)У/<П<Ш<1 (C)H«I«IV «HI (D)I<II<IV<II 

Ans. (A) 


EFFECTIVE ATOMIC NUMBER' (E.A.N.) RULE OR SIDGWICKS RULE 


According to sidgwick, metal atom present in coordination compound continues to accept electron pairs 
donated by the ligands till the total number of electrons on metal atom and those donated by ligands 
reaches to next noble gas configuration. This is known as Effective atomic number" (E.A.N.) rule 
or sidwick nule. It is calculated by the following formula 


Ex. Effective atomic number of cobalt in [Co(NH,),]" can be calculated as follows : 
Atomic number of cobalt = 27 
Oxidation state of cobalt in complex = +3 
Number of electrons in Co? ion are (27-3 = 24) 


During coordinate covalent bonding, Со”? ion gains 6 pairs of clectrons. 
Thus Effective atomic number of cobalt in [Со(мн,) ]" is24+12=36 


Complex Metal Atomic Coordination Effective atomic number 
Oxidation State) |Number of Metal number (E-A.N.) 


(262) + (6x2) = 36 [Kr] 
(29-2) + (4x2) - 35 
(27-3) + (6x2) = 36 [Kr] 
(28-0) + (4x2) = 36 [Kr] 
(28-2) + (4x2) = 34 
(78-2) + (6x2) = 86 [Rn] 
(24-3) + (6x2) = 33 
(26-3) + (6x2) = 35 
(80-2) + (4x2) = 86 [Rn] 
(47-1) + (2х2) = 50 
(46-2) + (4x2) = 52 


K [Fe(CN),] 
[Cu (NH,),]SO, 
[Co(CH,),]Cl, 
Ni (CO), 


K.[Ni(CN),] 
K [PCI] 
K[Cr(C,0,),] 
K[Fe(C,0,),] 
K [Hel] 
[Ag(NH.).]CI 
K,{PdCl,] 


ьо с с єс == 


Illustration 
Calculate the EAN of the following — 


К. so, 
[Co(NH,), JCI, 
[Ni(CO),] 
K,[Ni(CN),] 
К,[РІСІ,] 
K,[Cr(C,0,),] 
K [Fe(CN),] 
K,[{Hel,] 
[Ag(NH,),]CI 


Q6 — 2) + (6 x 2) = 36 [Kr] 
(29-2) +2 х 4= 35 [Вг] 
(277-3) + 2 x 6=36 [Kr] 


[Co(NH;),]Cl, 
[Ni(CO),] (28—4) - 2x 4 7 32 [Ge] 


K,[Ni(CN),] 
K,[PtCl,] 
K,[Cr(C,0,),] 
K,[Fe(CN),] 
кунет] 
[Ag(NH,),]CI 


Exercise 


(28 — 2) +2 x 4 =34 (Se) 
(78 —4)+2 х 4=82 [Pb] 
(24-3)+2 х3 - 29 [Cu] 
(26 —3)+2 х 6-35 [Br] 
(80—2) +2 x 4 - 84 [Po] 
(47-1) -2x 2- 50 [Sn] 


15 In the complex Fe(CO), , the value of x is, if it follows sidwick EAN rule : 


(A)3 (B)4 (С) 5 
Ans. (C) 


(D)6 
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I.U.P.A.C. NAMING OF COORDINATION COMPOUNDS 


Due to wide variety of coordination compounds it is essential to use a unified system of nomenclature. 
Though a lot of compounds are known by their trivial names only, but I.U.P.A.C. has introduced rules 
forthe naming of coordination compounds as follows : 


The order of listing the ions 


(a) In common salts cation is named first and then the anion. 

(b) Inthecomplex ion (Cation or anion) ligands are named first followed by the name of central atom 

(c) The oxidation state ofthe central metal is indicated by Roman numeral in brackets immediately after its 
namce; (0) indicates zero oxidation state. 

(d) In case the complex is non ionic, it is named as one word e.g. [Ni(CO), J is called tetracarbonyl nickel (0) 

(e) The suffix - ate is added to the name of central metal forming anionic complex ion. In cationic complex ion, 
the name of metal (usual name) is followed by the oxidation number in bracket. However in some metals 
Latin names are preferred in place of English names e.g. iron as ferrate, lead as plumbate and silver as 


argentate. 

Name of the ligand 

(a) If there are two or more different kinds of ligands, they are named in alphabetical order without separation 
by hyphen. 


(b) Whenthereare several ligands of same kind, they are listed alphabetically 


Symbol Name as ligand Name as ligand 


Acetato 
(bonded through oxygen) nitrito 
(bonded through nitrogen) nitro 


(f) Names of positive ligands ends in ‘ium’ e.g. 
NO" Nitrosylium 
NH,NH,' Hydrazinium 
(р) If the number ofa particular ligand is more than one in the complex ion, the number is indicated by using 
Greek numbers such as di, tri, tetra, penta, hexa, etc. However, when the name of the ligand includes a 
number, e.g. dipyridyl, ethylene diamine, then bis, tris, tetrakis are used in place of di, tri, tetra, etc 
(h) In case of chelating ligands or ligands having di, tri, tetra, etc, in their name the prefixes bis, tris, tetrakis 
are used before ligands placed in parenthesis 
{i) In poly nuclear complexes, the bridging group is indicated in the formula of the complex by separating it 
from the rest of complex by hyphens and adding before its name or in poly nuclear complex (a complex 
with two or more metal atoms) bridging ligands (which links two metal atoms) is denoted by the prefix u 
before its name. 
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Complex Compounds IUPAC Name 


K,[Fe(CN),] Potassium hexacyanidoferrate (II) 
K,[PtCl,] Potassium hexachloridoplatinate (IV) 
[Co(NH,), ]Cl, Hexammine cobalt (III) chloride 
[Cr(H,O).CI,]CI Tetraaquadichloridochromium (IIT) chloride 
[Pt(NH,).CI,] Diamminetetrachloridoplatinum (IV) 
[Co(NH,),Cl,] Triamminctrichloridocobalt (IIT) 
K,[Co(NO,),] Potassiumhexanitridocobaltate (IIT) 
Na,[Fe(CN);NO] Sodium pentacyanido nitrosyl ferrate( II) 
[NiCl,]? Tetrachloridonickelate (II) ion 
[Ru(NH,),CI]? Pentamminechloridoruthenium (Ш) ion 
[Fe(en),]Cl, Tris(cthylenediamine) iron (Ш) chloride 
[Ni (Gly),] Bis (glycinato) nickel (IT) 
Illustration 
1. Write the systematic names of the following coordination entities and compounds: 
(i) [CoCL(NH,),J]" — Gi[CrChONH;);] (iii) KSJÍCI(C,0,),] — (iv) K,[Fe(CN),] 
(v) [PtCI(NH,),]Cl, 
Sol.  (i)tetraamminedichlorido Cobalt(IIT) (ii) tnamminetrichloridochromiun[lI) 
(iii) potassium trioxalatochromate( HT) (iv) potassium hexacyanoferrate( II) 
(v) pentaamminechloridoplatinum(IV) chloride 
Exercise 
1. The IUPAC name [Co(NH,),] [Cr(CN),] is – 
(A) Hexaammine cobalt (III) hexacyanochromate (III) 
(B) Hexacyanochromium cobalt hexaammine (VI) 
(C) Hexaammine cobalt (Ш) hexacyanochromium (VI) 
(D) Hexacyanochromium (Ш) hexaammince cobalt (III) 
Ans. (A) 
2. The IUPAC name for [Co(NCS)(NH,);]Cl, is- 
(A) Pentaammine (thiocyanato-N) cobalt (III) chloride 
(B) Pentaammine (thiocyanato-S) cobalt (III) chloride 
(C) Pentaamine (isothiocyanato-N,S) cobalt (Ш) chloride 
(D) Pentaammine (mercapto-N) cobalt (1II) chloride 
Ans. (A) 


ISOMERISM IN COORDINATION COMPOUND 


(a) 
(b) 


Compounds which have the same molecular formula, but differ in their properties due to the difference 
in structure are called as Isomers. 

Isomerism is commonly considered, to be the characteristic of only organic compounds, it is also found 
although less frequently among inorganic substances. 
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(с) Classification of isomerism : 
Type of isomerism 
Structural isomerism Stereo isomerism 
lonization Hydrate ^ Coordination Coordination Linkage Geometrical Optcal 
е 


STRUCTURAL ISOMERISM 


It arises due to the difference in the type of chemical linkages and distribution of ligands within and 
outside the coordination sphere. 


1. Ionisation isomers : 


The type of isomerism is due to the exchange of groups or ion between the coordinating sphere and the 
ionisation sphere 
Ex. 
(a) Co(NH,), Br,SO, can represent 
(i) [Co(NH,),Br;] SO, (red violet) 
(it) [Co(NH,),] SO,] Br,(red). 
These complexes give sulphate ion and bromide ion respectively 
(b)  [Pt(NH,),CL] Br, and [Pt(NH,),Br,JCI, 
(с) [Co(NH,),(NO,),] SO, and [Co(NH,),SO,](NO,), 


2. Hydrate isomers : 


Ex. 


This type of isomerism is due to presence of different number of water molecules inside a coordination 
sphere. 

Cr(H,O),Cl, has three possible structure 

(i) [Cr(H,O),]Cl, (violet) (ii) [Cr(H,O),CI] СІ, НО (green) 

(a) ^ [Cr(H,O),CL] Cl. 2H,O (dark green) 

These complexes differ from one another with respect to the number of water molecules acting as 
ligands, 

Other hydrate isomers are — 

(i) [Co(NH,),(H,O) CI] CI, (0) [Co(NH,), CL) CI. H,O 


3. Linkage or salt isomers : 


Ex. 


(a) This type of isomerism arises due to presence of ambidentate ligands like NO, СМ and SCN” 

(b) These ligands have two donor atoms but at a time only one atom is directly linked to the central 
metal atom ofthe complex. 

(c) Such type of isomers are distinguished by infra red (LR.) spectroscopy. 

(1) [Co(NH,),(NO,)] Cl, and [Co(NH,)(ONO)] CI, 

(ii) In NO, ligand, The coordinating sites are nitrogen (i.e., NO, ) or through oxygen (i.e. ONO) 

(ii) Тһе nitro isomer is yellow and is stable to acids whereas nitrito isomer is red 
and is decomposed by acids. 


Coordination isomers : 
This type of isomerism is exhibited when the complex has two complex ions in 
it, cationic and anionic. 
This type of isomerism is caused by the interchange of ligands and metal ions between the two complex ions 
ofthe same complex. 
Ex. (i) [Co(NH,),] [CrCN),] (ii) [Co(NH ),] [Cr(C,O 2] 

(Син), [Co(CN),] [Cr(NH,),] [Co(C,0,),] 


Illustration 


Ans. 
Sol. 


Select correct code about complex [Cr(NO,)(NH,),][ZnCl,] 
(D IUPAC name of the compound is Pentaamminenitrito-N-chromium (Ш) tetrachloridozincate (IT) 
(II) It shows geometrical isomerism 
(III) It shows linkage isomerism 
(IV) It shows co-ordination isomerism 
(A) Ш, IV (B) IL, Ш& IV (C) IL, HE & IV (D) I, Il, HI & IV 
(B) 
(0 [Cr(NO,)(NH,),}[ZnCl,] 
IUPAC name of the compound is Pentaamminenitrito-N-chromium (III) tetrachloridozincate (ЇЇ) 
(Ш) — Itshows linkage isomerism duc to presence of ambidented ligands 
[Cr(NO,(NH,), [ZnCl,] 
[Cr(ONO)(NH,),][ZnCl,] 
(IV) Because both complex ions have different ligands 


Exercise 


Ans. 


Which of the following is pair of ionization isomers — 

(A) [Co(NH,),BrJSO, and [Co(NH,);SO,]Br 

(B) [(Cr(H,O),CI]C1,.H,0 and [Cr(H,O),.C1,}Cl.2H,O 
(C) [Co(NH;),][Cr(CN),]and [Cr(NH3),] [Ce(CN),] 
(D) cis-[Pt(NH,),Cl,] and trans-[Pt(NH,),Cl,] 

(A) 


STEREO ISOMERISM 


(a) 


They have same molecule formula, same constitution, they differ only with respect to the spatial orientation 
of ligands in space around the metal ion. 
The two stereo isomers which are possible are - Geometrical and optical. 


Geometrical or cis - Trans isomers : 

The ligands occupy different positions around the central metal ion. 

When two identical ligands are coordinated to the metal ion from the same side then it is cis isomer. 
(Latin, cis means same). 

If the two identical ligands are coordinated to the metal ion from opposite side then it is Trans isomer (in 
Latin, Trans means across) 

These geometrical isomers differ in physical as well as in chemical properties. 

Geometrical isomerism is most important in compounds with coordination numbers 4 and 6. 
4-coordinated complexes with tetrahedral geometry do not exhibit cis-Trans isomerism. 

It is exhibited by 4-coordinated complexes with square planar geometry. 
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Geometrical isomers with coordination number = 4 (Square planar complexes) 
{i) Complexes with general formula, Ma,b, (where both a and b are monodentate) can have 
Cis-and trans isomers. 


NT „л 
(Са! ZN, 


Cis-isomer Trans-isomer 


(ii) Complexes with general formula Ma,be can have Cis-and trans-isomers. 


Cis Trans 


eg. |Pt(NHCLI 


H, сі NH, 


E 
(anti cancer drug) 
eg.  [Pt(NH,),CIBr] 
CI UNS, ANE ATA ы NH, c ESSET NH, 
EC pa p a Ps 
{ ; } { 
К |t осаде. 
NH, HN Cl 
Cis Trans 


(ii) ^ Complexes with general formula, Mabed can have three isomers. 


(ii) 
(vi) Diglycinato platium (II) complexes 
CH;— NH, — ,/NH;— CH, CH;—NHMX. и 0—CO 
Pt 
Cco—0^^7 "-6—co со”  "-NH—cH, 


(cis) (Trans) 
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Geometrical isomers with coordination number = 6 


G) — [Fe(NH),CLI 


с NH, 
HN O | и мн, HN, |... c 
HN NH, HN с 

с! NH, 

Trans Cis 


(ii) Facial and Meridional isomerism (Ma,b,) 


EM ü 
Facial (fac) Meridional (Mer) 


Other 6-Coordinated geometrical isomers are 


Mabcdef 
Ma,b,c, 
Ma,bede 


Ма, 

Ma,be 

Mab, 

May, Ma;b 

Here M = central atom 


a, b. c, d, e, f= ligands (unidentate) 


2. Optical isomers : 


(a) 


(b) 
(c) 


(d) 
(с) 
(f) 


(g) 


Optically active complexes are those which are nonsuperimposable over the mirror 
image structure. 

An optically active complex is one which is asymmetric in nature і.е. not divisible into two identical halves. 
The complex which rotates plane polarised light to left hand side is laevo rotatory i.c., *£" or 
*-" and if the complex rotates the plane polarised light to right hand side then itis dextro rotatory ‘d'or ‘+’, 
Thus complexes which have same physical and chemical properties but differ in their 
action towards plane polarised light are called as optical isomers. 

The *d' and *£* isomers of a compound are called as Enantiomers or Enantiomorphs. 

Only those 6-coordinated complexes in which there are chelating agents i.c. 
bidentate ligands, exhibit optical isomerism. This is due to the absence of elements of symmetry in the 
complex. 

Optical isomerism is not found in square planar complexes on account of the presence of axis of 
symmetry. 


Optical isomer with Coordination number =6 


()  [Ma,b, a- > IPt(py) (NH ), CL] 


| 
| 
| 


ху 
SE ҮМ, 


NH3 


z 
 ——— 


Cis-d-isomer итог Cis-/-isomer 


(ii) [Mabcedf] > aii (ХО,)С1Вг1] 


LL NH3 HN Eai Ms 
d PS di iic 


(iii) — [M (4A),]"* > [Co(en), E 


AY a 
dform 


(iv) |[M(AA),ab]" > Cote; NH car 


en 

ЎА Со ы 
HN |У 
еп 

Cis-d-isomer 


() ТМКАВ),| > [Cr(gly),] 


Mirror 


| gly 
| 
РА / | gly #7 
j i ; / ду | 5 Cr $ 
Z ^ 2 | D cy 
| | 
oly | gly 
Cis or trans-d-isomer Mirror Cis or trans-f-isomer 


2+ 


34 


2+ 
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(vi) | [M(AA)b,c,] — [Fe(NH,),(en)CL] 
Cl cl 
| 
мао 
(уй) [M(AA),b,] — [Fe(en),Cl,] 
& 
е С 
INE 
ch. 
en 
Mirror Я 
Сіз -d-isomer Cis -/-isomer 
(i) Trans- [Fe(en),Cl,] do not show optical activity due to superimposition of their mirror image. 
(ii) Some more examples are optically active: 
[Cr(ox), P [Fe(dipy), ]*; [Cr(ox),(H,O), ; [Pt(en),]* etc. 
Illustration 
l. Draw structures of geometrical isomers of 
[CoCL(NH;j)4]. 


Sol. 


[CoCL(NH,) J” 


2. Which out ofthe following two coordination entities is chiral (optically active)? 
(a) cis - [CrCL(ox),]- (b) trans - [CrCL(ox);]*-. 
Sol Thetwoentities are represented as 


| Ба ar l 3^ 


(a) Cis-[CrCl,{ox),]" (B) trans-|CrCL(ox);]* 


Out of the two, (a) cis-[CrCl,(ox),]* is chiral 
(optically active). 
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Exercise 


Ans. 


[Соеп), P* ion is expected to show 

(A) two optically active isomers: d and / forms 

(B) three optically active isomers: d, / and meso forms 

(C) four optically active isomers: cis, d and / isomers and trans d and / isomers 
(D) none of these 


(A) 


Ofthe following configurations, the optical isomers are 


=й c а | "о ШИ Б. 


СІ CI CI 
n en e 
I П I 
(A) Land II (B) Land II (C) П and IV (D) Папа Ш 
(С) 


BONDING IN COORDINATION COMPOUNDS 


(a) 


(b) 
(с) 
(4) 
(с) 
(f) 


(g) 


(h) 


Valence Bond Theory 

The salient features of the theory are summarised below. 

The central metal ion has a number of empty orbitals for accommodating electrons donated by the 
ligands. The number of empty orbitals is equal to the coordination number of the metal ion for the 
particular complex. 

The atomic orbitals (s, p or d) ofthe metal ion hybridize to form hybrid orbitals with definite directional 
properties. These hybrid orbitals now overlap with the ligand orbitals to form strong chemical bonds. 
The d-orbitals involved in the hybridization may be either inner (n —1) d orbitals or outer 
nd-orbitals. The complexes formed in these two ways are referred to as low spin and high spin complexes, 
respectively. 

Each ligand contains a lone pair of electrons. 

A covalent bond is formed by the overlap ofa vacant hybridized metal orbital and a filled orbital of the 
ligand. The bond is also sometimes called as a coordinate bond. 

If the complex contains unpaired electrons, it is paramagnetic in nature, while if it does not contain 
unpaired electrons, it is diamagnetic in nature. 

The number of unpaired electrons in the complex, points out the geometry of the complex as well as 
hybridisation of central metal ion and vice -versa. In practice, the number of unpaired electrons in a 
complex is found from magnetic moment measurements as illustrated below. 


u, = Jn (n+ 2) , wheren = no of unpaired electron 


Thus the knowledge ofthe magnetic moment can be of great help in ascertaining the type of complex 


Under the influence of a strong ligand, the electrons can be forced to pair up against the Hund's rule of 
maximum multiplicity. 


20 


Draw back of valence bond Theory 


(1) It describes bonding in coordination compounds only qualitatively 

(ii) It does not offer any explanation for the optical absorption spectia of complex 

(iii) ^ lItdoesnot describe the detailed magnetic properties of coordination compounds. 

Crystal field Theory 
This is the more advanced theory and satisfactorily explains the optical absorption spectra and magnetic 
properties of complexes which were not explained by V.B.T. But its details are beyond the scope of this 
text. 
The shape of complexes depends upon hybridization state of central atom, it is described as 
follows: 

Octahedral complexes 


On the basis of hybridized orbitals it can be of two type as d’sp’ ( inner orbital) or sp' d^ (outer orbital) 
hybridized. Let us assume that the six ligands are positioned symmetrically along the cartesian axes, with 
the metal atom at the origin. As the ligands approach, first there is an increase in the energy of d orbitals 
relative to that of the free ion just as would be the case in a spherical field. Next, the orbitals lying along 


the axes ( d and di 2 ) get repelled more strongly than d, d,, and d, orbitals, which have lobes 


directed between the axes. The d; and “4 2 orbitals get raised in energy and d,» d „d „orbitals are 


lowered in energy relative to the average energy in the spherical crystal field. Thus, the degenerate set of 
dorbitals get split into two sets: the lower energy orbital set, t, and the higher energy, e. set. The energy 
separation is denoted by A, (the subscript о is for octahedral) : 


dayde e, 
Energy 
==], 
d, d.d, 
— Average energy of Splitting of d-orbitals 
dorbitals the dorbitalsina in an octahedral 
in free ion е crystal crystal field 
е 


Figure : d-orbital splitting in an octahedral crystal field 


Inner orbital complexes : 


We have already discussed that in these type of complexes the d-orbitals used are of lower quantum 
number i.e. (n - 1) various examples are as follow 


(a) Complexes formed by the use of inner orbitals are diamagnetic or have reduced paramagnetism. 
(b) These are called as low spin or spin paired complexes 

Fe(CN)“ 

(a) electronic configuration of Fe** = [Ar] 3d°4s* 


21 


(b) electronic configuration of Fe? = [Ar] 3d* - Г] [LL] 


(c) | electronic configuration of Fe? after rearrangement 
> LESE YET T3 
Фр? 
(d) ^ Theabove rearrangement is due to presence of cyanide ligand 
(e) In this state Fe** undergoes d’sp* hybridisation to form six d’sp* hybrid orbitals, each of which accepts 
clectron pair donated by СМ ions. 
(f) The resultant complex is inner octahedral as shown in figure and it should be diamagnetic as it has no 
unpaired electron. Formation of [Co(NH,),]" takes place in the same manner 


NH; 
нич 


x Ns 


i ‘Cots | 
HN} NH 


NH; 
Octahedral shape of [Co(NH,),]” 


[Ее(С) 
за 45 4p 
@ Fey, CIT) 
3d 4s 4p 
o ү 


(с) Fe" (rearranged due to presence of CN ) 


3d 4s 4p 
mmm UOLT] 


dsp? Hybridization 
(d) The resulting complex is octahedral duc to d’sp* hybridization 
(e) Due to presence of unpaired electron it is paramagnetic 
[Cr (NH), 


3d* 4s! 4d 


(a) Cr,, 41]1111111| WEN 
© œ fF tt TILICLL I 


(с) Сг" ind’ sp’ hybridized state 


Hoven Ei eee 


4р hybrndisabon 
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(d) This dsp’ hybridisation leads to octahedral geometry, the complex [Cr(NH,), |" will be octachedral in 
shape 
(е) Since the complex ion has 3 unpaired electrons so it must be paramagnetic. 
(f) Other complexes of chromium with similar inner structure are [Cr(CN),]* and [Cr(H.O), J" 
Outer orbital complexes 
(a) In these complexes s, p as well as d orbitals involved in hybridization, belong to the highest quantum 
number (n) 
(b) Complexes formed by the use of outer n, d orbitals will be paramagnetic. 
(c) These complexes are called high- spin or spin free complexes 
(d) The outer orbital complexes have greater number of unpaired electrons. 
[CoF,] 
(a) Со?” 
3d 45 4р 4d 
ШППИПШ ИИИ ИИИ 
(b) Co* ion 
ОШО 
(c) | Co" ionin sp'd" hybridised state 
AEE OLLI иинин 
sp'd? 
(d) ^ Duetooctahedral orientation of six sp'd^ hybridised orbitals shape [CoF, | complex ion is octahedral 
(e) Due to presence of four unpaired electrons in 3d orbital [CoF,}* ion has paramagnetic character 
(f) Other examples are [FeF, ]", [Fe(NH,),', [Ni(NH,),]"*, [Cu(NH,),]"', [Cr(H,O),]"* 
Tetrahedral Complexes : 


In tetrahedral coordination entity formation, the *d" orbital splitting is inverted and smaller as compared 
to the octahedral field splitting. For the same metal, the same ligands and metal-ligand distances, it can 
be shown that A, = —(4/9)A,. Consequently, the orbital splitting energies are not sufficiently large for 
forcing pairing and, therefore, low spin configurations are rarely observed. 


— yh, 
Energy 
Е C] 
| 


— [ « 

d, d. , 
4 orbitals Average energy of the Splitting of d orbitals 
free ion d orbitals in spherical in tetrahedral crystal 
crystal field 


Figure : d-orbital splitting in an tetrahedral crystal field 
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These are formed by sp? hybridisation. Complexes of Zr" are invariable tetrahedral because they involve 
sp* hybrid orbitals 


[Zn(NH)* 


(a) configuration of Zn, , 
4s 4p 


3d 
їл { СО 


(b) electronic configuration of Zn 


3d 4s 4p 
EI EE 


(c) Zn™ in sp’ hybridised state 


и О ШОО 


sp* hybridised 
(d)  [Zn(NHj," 


[лз] [..] 


NH, NH, NH, NH, 
(е) Since the complex is formed by sp? hybridisation, it is tetrahedral 
(f) Since all electrons are paired it is diamagnetic 


МСО) 
(a) Мм, 


^. 3d 4s 4p 
11 LIT] 


(b)  Niafter rearrangement 


3d 4s 4p 
1 LICL 
(c) The empty one 4s and three 4p orbitals mix to form four sp* hybridised orbitals 
(d) ^ ecachorbital accepts one electron pair from carbon monoxide molecule forming [Ni(CO),] 
(e) The shape of nickel tetra carbonyl is tetrahedral as shown below 
(f) It is diamagnetic in nature 


co 


| 
Ni 
a ss 
Square planar complex. 


These arc formed duc to dsp? hybridisation. 
These complexes tend to be formed when the central ion has only one d orbital available in the inner shell 
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[Ni(CN) J- 
(a) electronic configuration of Ni 


4p 
т] Гү 


(b) electronic configuration pd 
3d 


EERO OOO 


(c) The rearrangement is due to =. an strong ligand CN . The four orbitals make dsp* hybridisation 
(d) The shape of resulting complex is square planar 
(e) Due to paired electrons it is diamagnetic. 


Illustration 


1. [Fe(CN),]* is diamagentic while [FcF, ]*- is strongly paramagnetic. Why ? 

Sol. CN isstrong field ligand and so it pairs up the electrons leading to the formation of low spin complex 
which is diamagnetic. 
[Fe(CN),}*; 


dsp 


за" 45 4р 
птиц) С ELT 


Octahedral, diamagnetic complex 
F- is weak field ligand so it forms high spin paramagnetic complex. 
[ЕеЕ, ]-: 
spd 
Dann # оороо и 
Octahedral, paramagnetic complex 

2: [Fe(CN),]*- is weakly paramagnetic while [Fe(CN),]* is diamagnetic, why ? 
Sol [Fe(CN),]*- involves 25р? hybridization 


d S р 
Ее?'(д?) CI CLT) 
[Fe(CN),}> СЕС) Ez] 


Rearrangement d sp hybridization 
One d-orbital is singly occupied, hence it is weakly paramagnetic in nature. 
[Fe(CN),]^ involves also d?sp? hybridization but it has Fe?" ion as central ion. 


d E p 
Fe" (d*) CJ LLLI] 
[Fe(CN)])- ERIN T=) Г] 


bns Rd 
Rearangement — d sp hybridization 
All orbitals are doubly occupied, hence it is diamagnetic in nature. 
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Exercise 

1. Hexafluorocobaltate(III) ion is found to be high spin complex, the hybridisation state of 
cobalt 15 ~ 
(А) Фр? (B) sp? (C) sp*d (D) sp*d? 

Ans. (D) 

E The number of unpaired electrons calculated in [Co(NH,),}** and [CoF, ^" аге: 
(A) 4 and 4 (B) 0 and 2 (C) 2 and 4 (D) 0 and 4 

Ans. (D) 

3. For the t$, е2 system, the value of magnetic moment (p) is — 
(A) 2.83 B.M. (B) 1.73 B.M. (C) 3.87 B.M. (D) 4.92 B.M. 

Ans. (A) 

4. Which ofthe following electronic arrangement gives the highest value of the magnetic moment in case of 
octahedral complex ? 


Ans. 


(A)d*,strongficeld (В), high spin (C) d^, weak field (D) d?, strong field 
(C) 


STABILITY OF COMPLEX 


(a) 
(b) 
(c) 


(d) 


(e) 


(f) 
(g) 


A complex is formed in solution by the stepwise addition of ligands to a metal ion 
This can be expressedas follows M+ L == ML, where M = metal and L is ligand 
The stability constant K for this reaction is as shown 
» ML 
K= twi 
This metal can again get a ligand 
ML*Lz—*ML, 


ML, 
The forthcoming stability constant K , then К, = MEE its value is less than K 


The higherthe value of stability constant stabler is the complex. 
The value of stability constants for some of the complexes are given below : 


Complex Stability constant 


[Cu(NH)]* 4.5 x 10" 
[Ag(NH,),} 1.6x 107 
[Co(NH,),* 1.12 x 10° 
[Co(NH,),}” 5.0 x 10? 


[АЕС 1.11 x 10° 
[АгВг,] 1.28 x 10° 
[Ag(CN),]- 1.0 x 102 
[Cu(CN), > 2.0 x 107 
[Fe(CN),]- 7.69 x 108 
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Factors influencing the stability of complex 
Nature of central ion - 


Ch 
(a) The complex will be more stable for higher values of charge density [2] 
(6) Thehigherthe electronegativity of the central ion, the greater is the stability of its complexes 
(c) The higher the oxidation state of the metal the more stable is the compound 


Nature of ligand 


(a) A basic ligand is likely to easily donate its electrons. Thus a more basic ligand will form more 
stable complex. 
(b) Chelating ligands form more stable complexes as compared to monodentate ligands. 


ORGANOMETALLIC COMPOUNDS 


Compounds containing at least one metal-carbon bond may be called organometallic compounds. These 
compounds may be defined as those compounds in which the carbon atoms of organic groups are linked 
to metal atoms. The compounds of elements such as boron, phosphorus, silicon, germanium, tellurium 
and antimony with organic groups are also included in the organometallics, 


c-bonded organometallic compounds : 

In c-bonded compound organic group is bonded to metal atoms through a normal 2 electron covalent 
bond. Some example of s-bonded organometallic compounds are as below — 

AL (CH,),, AL(C,H,),, Pb(CH,),, Pb(C,H,),, Zn(C,H,),, (CH,),Sn etc. 


Examples : 


R-Mg-X (CH,CH,),Zn 
Grignard reagent Diethyl zine 

(Alkyl magnesium halide) 

(CH,),Si (CH,),Sn 
Tetramethyl silane Tetramethyl tin 
(C,H), Pb (CH,),Cd 
Tetracthyl lead Dimethyl cadmium 


Trimethy aluminium exists as stable dimer. In this, two methyl groups act as bridges between two aluminium 
atoms. The alkyl bridge is formed by multicentre bonding. 


z-bonded organometallic compounds : 
This type of compounds are generally formed by transition metals. Some examples of zt-complexes are: 


Ferrocene, Dibenzene chromium, Zeise's salt, etc. are some well known examples of the complexes 
belonging to this class. 


c- and z-bonded organometallic compounds : 

Metal carbonyls of transition metals constitute another important class of organometallic compounds. 
The first metal carbonyls, Ni(CO), and Fe(CO), were discovered by A. Mond in 1890 and 1891. Few 
more examples of metal carbonyls are Cr(CO),, Mo(CO),. In addition to mononuclear of metal carbonyls 
mentioned above, transition metals form various polynuclear metals carbonyls such as Fe(CO),.- 
Mn,(CO),,. The metal carbonyl bond in metal carbonyls posses both c and л character. 
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Application of Organometallic Compounds : 


(а) 
(b) 
(с) 
(4) 


(е) 


@) 
(в) 


(h) 
(i) 


Ziese’s salt is used in the treatment of cancer. 

Nickel tetracarbonyl is used in purification of nickel. 

Ethylmercuricchloride is used as a fungicide. 

As homogeneous Catalyst 

Wilkinsons catalyst for hydrogenation of olefins is [P(Ph,),RhCl] 

As heterogeneous catalyst 

Zeigler-Natta Catalyst (R,Al+TiCl,) 

(Tri alkyl Aluminium + Titanium tetrachloride) used for polymerisation of alkene. 


Organic synthesis: OMC like RMgX, R,Cd, CH,Li etc. are used for preparation of almost all 
type of organic compounds. 


Cyclopentadienyl manganesetricarbonyl and TEL (Tetracthyl lead) is used as antiknock agent 
in petrol. 
In medicine ~ Organo arsenic compounds are used as medicine for syphilis disease. 


In agriculture- Sceds arc treated with ethyl mercury Chloride commercially known as CERESSAN 
to protect the plants against infection. 
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Q.1 
Sol. 


0.2 


Sol. 


Q3 


Sol. 


SOLVED EXAMPLES 


NH,.NH, although possesses two electron pair for donation but not acts as chelating agent. Why? 


The co-odrinating by NH,.NH, leads to a three member highly unstable strained ring and thus it does 
not acts as chelating agent. 


NH, т» МН, 
N 
M 
Three member highly 


unstable strained ring 
Square planar complexes with co-ordination number four exhibit geometrical isomerism whereas 
tetrahedral complexes do not. Why ? 


In tetrahedral complexes, the relative position of atoms with respect to each other is same thus these do 
not show geometrical isomerism. Square planar complexes show cis, trans isomerism. 


Platinum (II) forms square planar complexes and plantinum (IV) gives octahedral complexes. How 
many geometrical isomers are possible for cach of the following complexes ? Describe their structures - 


(a) [P(NH,),Cl]* (b) [P(NH CL] (c) [P(NH,),CINO,] (d)[Pt(NH,),CIBr]?* 
(a) Square planar complex of the type Ma,b shows no isomerism. 


+ 
Cl ems 
Peg 
/ j 


Pt 


(c) A square planar complex of the type Maybe exists as cis and trans isomers 


r уре 
O.N асо нч Ee 


(d) An octahedral complex of the type Ma,bc shows cis and trans isomerism. 


NH; 


nn 7° T | р 


Q4 
Sol. 


Q5 
Sol. 


0.6 
Sol. 


Q.7 


Ans. 
Sol. 


29 
How many geometrical isomers with formula [MABCD]e.g., [P(NH, )py(NH,OH)NO,]' are possible? 
Three isomers 


NH, _ ру чь`__Мңон NR uoi py 
VA MAS UN 
Мы ZN Filla 
NO, анон NO, py НОН NO 


Whatare facial and meridional isomers ? Explain with examples. 

For the complexes of the type [Ma,b,] e.g., [Co(NH,),Cl,] and [Rh(py),Cl,]; the isomer is called 
facial (fac) when all similar ligands occupy same face ofan octahedron as shown below. When all similar 
ligands are not on the same face then isomer is called meridional (mer). 


CI CI 
"s Log sig m ees = 
AA P 
p. Ж ыж 
нн [Сы с: MS ELE NH; 
NH, CI 
facial mendional 


[Fe(CN),]* is diamagentic while [FeF, J^" is strongly paramagnetic. Why ? 

СМ is strong field ligand and so it pairs up the electrons leading to the formation of low spin complex 
which is diamagnetic. 

[Fe(CN)J 7; 


d'sp' 


3d' 4s 4p 
mmm] СУ EAT 


Octahedral, diamagnetic complex 


F- is weak field ligand so it forms high spin paramagnetic complex. 
[FeF,]*- ; 


spd’ 


Octahedral, paramagnetic complex 


Ifexcess of AgNO, solution is added to 100 mL of a 0.024 M solution of dichlorobis (ethylene diamine) 
cobalt (III) chloride, how many mol of AgCl be precipitated: 

(A) 0.0012 (B) 0.0016 (C) 0.0024 (D) 0.0048 

(С) 

[CoCl (en), JCI __А20,_, [СеС1„(еп)„]МО, +AgCl 

Mole of [CoCL(en),]Cl ^ molarity x v(Lt.) 

0.0024 mole of [CoCl, (en), ]CI gives 


00 
an 0.024 = 0.0024 mole of СГ 
Which precipitate 0.0024 mole of AgNO, because 1 mole Ag” required 1 mole CT to precipitate 
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Q.8 


SoL 


Q.9 


Sol. 


Q.10 


Sol. 


Find out the hybridization, geometry and magnetic moment ofthe complexes : 


(i) [Co(NH,),]** (ii) [СС] 
(i) The oxidation state of cobalt in the complex is +3. The electronic configuration of Co** ions is 


3d 4s 4p 
Со” = CILLL 


a 45 4р 
[Co(NH J" EESTI TE] [:] 
ААА 
Rearangenest «әр hybridization 


Octahedral, zero magnetic moment 


(i) The oxidation state of chromium in the complex is +3. The electronic configuration of Cr** ion is 


3d 4s 4p 
[CCN -«ETZEL 0 CLI 
инн н 


SSE 
Rearrangement — d'sp'hybridizaton 


Octahedral, magnetic moment 
= 43x(3«2) = |15 = 3.87 B.M. 


The magnetic moment of [MnCI, 155.92 B.M. On the basic of its magnetic moment, write configuration 
of Mn" in this complex. 
For an atom/ion 


Magnetic moment (и) = ,/n(n +2) 
(n = No. of unpaired electrons) 
Given that и = 5.92 B.M. 


. 5.92 = Jn(n+2) 


or n=5 

Thus in this complex Mn contains five unpaired electrons and so its possible configuration may be Mn** 
in [MnCl] = [Ar] 345459 

so hybridisation of Mn** in the given complex must be sp?. 


Mert ha nma ma ла 


i4s i 


за? 4р 
{ 1 
[мас > СТТ) ET] | 
sp hybridization 
All the octahedral complexes of Ni** are outer orbital complexes, why ? 


за? 
ме ITT 


Thus only one vacent 3d-orbital is available after pairing up of electrons due to strong field ligand. 
Therefore , d^sp? hybridisation is not possible. Only sp*d? is possible which represent outer complex. 
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Q.H МСО), possesses tetrahedral geometry while [Ni(CN) J is square planar, why ? 
Sol Іл ће formation of Ni(CO),, nickel undergoes sp? hybridization, hence it is tetrahedral in shape. 


3d" 4s 4p 

миоз : ANRC E LLL 
Ni(CO), : E) 
| SE ee 


sp hybridization 
In the formation of [Ni(CN), J"- , Ni?* ion undergoes dsp hybridisation, hence it is square planar in 
shape. 


3d" 4s 4p 
NP: LIL ET] 
[NCN)-: ЫЫЫ] С 
L——————— | 


Rearrangement ^ dsp'hybridizabon 


Q.12 Consider the following complexes — 


(i) КРС (ü)PtCL.2NH, — (ii)PtCI,.3NH, (iv) PtCl,.SNH, 

Their electrical conductances in aq. solutions are — 

(A) 256, 0, 97, 404 (В) 404, 0, 97, 256 (С) 256, 97, 0, 404 (D) 404, 97, 256, 0 
Sol.  (A)Coordination number of Pt is 6 hence 

I кус] — Threeions 

П [P(NH4)CI,] — Zeroions 


Ш [P(NH4J,Ch]CI — Twoions 
IV [Pt(NH,);CIJCl, —  Fourions 
Conductivity oc no. of ions 


Q.13 Determine the oxidation state of metal in the complex ion, [PCI]. 

Sol. Charge on the complex ion = Oxidation state of metal + charge on ligands 
-2=х+6х(-1) 
orx=+4 
The oxidation of Pt in the complex ion is +4. 


Q.14 Thepairin which both species have same magnetic moment (spin only value) is — 


(A) [C(H,O),I"*, [CoCI, - (B) [Cr(H,O),T^*, [Fe(H,O),P* 
(C) [Mn(H,0),]°*, [Cr(H5O),P* (D) [CoCI,}*, [Fe(H,O),* 
Ans. (B) 


Sol. | Same magnetic moment = same number of unpaired electrons = ,/n(n+ 2) 


where n=number ofunpaired electrons 
Co?* =3d", 3 unpaired electrons 
Cr?* - 34%, 4 unpaired electrons 

Mn?* = 34°, 5 unpaired electrons 

Fe?* = 3d°, 4 unpaired electrons 
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Q.15 
Sol. 


Q.16 


Q.18 


Sol. 
Q.19 


Sol. 


The colour of Hg,Cl, changes from white to black when treated with NH,. Why ? 
Hg, Cl, reacts with NH, to give black complex. 
Hg,Cl, +2NH,OH — Hg+ Hg(NH,)C1+ NH,CH-2H,0 

(Black) 


Write the formula of the following complexes. 
(i) Pentamminechlorocobalt (IIT) ion (i) Lithium tetrahydridoaluminate (IIT) 
(i) [Co(NH,),CIF" ; (ii) Li[AIH,] 


Identify the complexes which are expected to be coloured and explain. 


(A) Ti(NO,), (B) [Cu(NCCH,),]* BF, 
(C) [Cr (NH,),]?* 3CI- (D) K, [VF,] 
(C) and (D) 


Are coloured because Ст? in [Cr(NH,),]** and V3* in [VF,]* have 34° and 3d? configuration 
respectively and thus show d-d transition. 


Write the IUPAC name of the given compound. 

OH ] 

\ 
oneg aa Cl, 

OH | 
Tetraamine cobalt (III) di-j1-hydroxo bis ethylenediamine cobalt (IIT) chloride. 
Explain the following with appropriate reasons : 
[Fe(CN), P- ion has magnetic moment 1.73 BM, while [Fe(H,O),}** has a magnetic moment 5.92 BM. 
1.73 = Jn(n +2) 5.92 = Jn(n +2) 


= | п= 5 


Dee to strong filed ligands (CN ) Due to weak ligands (HO) 
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RADIOACTIVITY 
RADIOACTIVITY 


“Radioactivity is a process in which nuclei of certain elements undergo spontaneous disintegration 
without excitation by any external means." 


Henry Becquerel (1891) observed the spontaneous emission of invisible, penetrating rays from potassium 
uranyl sulphate K,UO,(SO,),, which influenced photographic plate in dark and were able to produce 
luminosity in substances like ZnS. 

Later on, Madam Marie Curie and her husband P. Curie named this phenomenon of spontaneous 
emission of penetrating rays as, Radioactivity. They also pointed out that radioactivity is a characteristic 
property ofan unstable or excited nucleus, i.c., a nuclear property is independent ofall the external 
conditions such as pressure, temperature, nature of other atoms associated with unstable atom but 
depends upon the amount of unstable atom. 


Curies also discovered a new radioactive clement Radium from pitchblende (an ore of U i.e.U4O,) 
which is about 3 million times more radioactive than uranium. Now a days about 42 radioactive elements 
are known. 


The elements whose atoms disintegrate and emit radiations are called radioactive clements. 


Radioactivity can be detected and measured by a number of devices like ionisation chamber, Geiger 
Muller counter, proportional counter, flow counter, end window counter, scintillation counter, Wilson 
cloud chamber, electroscope, etc. The proper device depends upon the nature of the radioactive substance 
and the type of radiation emitted. Geiger Muller counter and proportional counter are suitable for solids 
and liquids, ionisation chamber is most suitable for gases. 


Lightest radioactive isotope is tritium (, H?); other lighter radioactive nuclides are C, К and Тс. 
NATURE OF RADIOACTIVE EMISSIONS 


The nature of the radiations emitted from a radioactive substance was investigated by Rutherford 
(1904) by applying electric and magnetic fields to the radiation as shown in figure. 


Study of the ncture of radictions emitted form a rodiooctive substence 


It is observed that on applying the field, the rays emitted from the radioactive substances are separated 
into three types, called a, p. and y-rays. The a-rays are deflected in a direction which shows that they 
carry positive charge; the B-rays are deflected in the opposite direction showing that they carry negative 
charge and the y-rays are not deflected at all showing that they carry no charge. 


3. CHARACTERISTICS OF RADIOACTIVE RAYS 


Radioactive rays are characterised by the following properties: 

(i) They blacken photographic plates. 

(ii) They pass through thin metal foils. 

(iii) They produce ionization in gases through which they passes, 

(iv) They produce luminescence in zinc sulphide, barium platinocyanide, calcium tungstate, etc. 


Radioactive radiations are composed of three important rays, namely a, [3 and y-rays which differ very 
much in their nature and properties, c.g. penetrating power, ionising power and effect on photographic 
plates. Remember that y-rays are not produced simultaneously with с and B-rays but are produced 
subsequently. 


3.1 Properties of a, B-particles and y-rays. 


Negative and equal Uncharged 
to the charge of (Neutral) 
electron 1.6x10 ^ С 


Nature of particle | Doubly ionized helium atom Electron (or) Electromagnetic 
(2 protons and 2 neutrons) positron waves 
Four times the mass of the Equal to the mass of Mass less 
proton (4х1.67х10 kg electron 
| ) 9.1x10%'kg 
ara charge 32x10" 
4x1.67x107 


МГ һу Tunnel effect лый hypothesis ка of 
nudei into the 
ground energy 
level after с and 

В decay 


7 ! -I Uncharged and 
ЗЮ 4.79 * 10 12510 Lond Edd 


Effect of electric | Deflected by electric and Deflected by electric Unaffected 
and magnetic magnetic fields and magnetic fields 
fields 
Wad р 
Ыыы а 


Less than the velocity of light Approximately equal 3x10°m /s 


(1.4x107 m/s to 2.2 x10 ms" nie ere 
10 


Mutual interaction | Produce heat Produce heat Produce the 
with matter phenomenon of 
Photoelectric 
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4. SOME BASIC TERMS 


4.1 Isotopes, Isobars and Isotones : 


The atoms of the same The atoms with mass The atoms with same 
elements whose charge number same and charge | neutron number but A and 
number (2) is same but mass |number different are known | 2 are different are known 
number is different are known as isobars. as isotones 
as isotopes. 


Chemical properties are same | Chemical properties are Chemical properties are 
different different 


fra Bur — | — nali 
different different 
Басаган Баглааш 
table periodic table eriodic F 


Example ,O"., O” О'* „Н? апа „He LP and 
ҮН НЕН" ,C" and NU „Н? and , 
„Ме? „Ме?! „Ме? ,O" and Е" ,H and , 


4.2  Isodiaphers: 
Atoms having same isotopic number are called isodiaphers. 
Mathematically, isotopic number (isotopic excess) = (М - Z) or(A - 2Z) 
Where, N = Number of neutrons; Z = Number of protons 
Examples: 
(i) Np? and „ТҺ??! (ii) „КЗ? and FY (ійі) „Сиё and „Сг? 


4.3 Isoelectronic species : 
Species (atoms, molecules or ions) having same number of electrons are called isoelectronic. 
Examples : 
(i) N>, О?У, Е, Ne, Nat, Mg", АРВ“, CH,, NH,, H,O and HF have 10 electrons each. 
(ii) P}, S}, Cl, Ar, К” and Ca?* have 18 electrons each. 
(iii) Н, He, Li* and Be?* have 2 electrons each. 
(iv) CO, СМ and N, have 14 electrons each. 
(v) NO, CO, and СМО have 22 electrons cach. 


4.4  Isosters : 
Molecules having same number of total atoms and also same number of electrons are called isosters. 


Examples : 

(i) N, and CO (ii) HCl and F, (iii) CaO and MgS 
Exercise 

Match the following: 

1. Isotopes А. ,O!* and ,O"? 

2; Isobars В. Nat, Mg, F 

3. Isosters С. ,H? and „Не? 

4. Isotones D. CO, and N,O 

5. Isoelectronic E. AX уз „XTA 

6. Isodiaphers F. 4,Ca®® and in 


Ans. 1-A, 2-Е, 3-0, 4-С, 5-B, 6-Е 


5. RATE OF RADIOACTIVE DECAY 


" According to the law of radioactive decay, the quantity of a radioelement which disappears in unit time 
(rate of disintegration) is directly proportional to the amount present." 

The law of radioactive decay may also be expressed mathematically. 

Suppose the number of atoms of the radioactive element present at the commencement of observation, 
i.e. when t=0 is N, and after time t, the number of atoms remaining unchanged is N, then the rate of 


dN 
decay of atoms is— 73 (the word''d' indicates a very-very small fraction; the negative sign shows that 


the number of atoms N, decreases as time t increases) 


Now since the change in number of atoms is proportional to the total number of atoms N, the relation 


dN : =e 
becomes — > = XN, , where À is a radioactive constant or decay constant. 


Rate of decay of nuclide is independent of temperature, so its energy of activation is zero. 

Since the rate of decay is directly proportional to the amount of the radioactive nuclide present and as 
the number of undecomposed atom decreases with increase in time, the rate of decay also decreases 
with the increase in time. Various forms of equation for radioactive decay are 


N, = Ме; 
MC 3 
ОЁ N, 2303 
3 N, 
A= log x 


where N, = Initial number of atoms ofthe given nuclide, i.c. at time 0 
N = Number of atoms of that nuclide present after time t. 
^. = Decay constant 
Note : This equation is similar to that of first order reaction, hence we can say that radioactive 
disintegration are examples of first order reactions. However, unlike first order rate constant (K), the 
decay constant (2.) is independent of temperature. 


5.1 Characteristics of decay constant (A): 
It is characteristic ofa nuclide (not for an element). 
Its units are time! . 
Its value is always less than one. 


§.2 Half-life Period (t,.) : Rutherford in 1904 introduced a constant known as half-life period of the 
radio-element for evaluating its radioactivity or for comparing its radioactivity with the activities 
of other radio-elements. The half-life period ofa radio-element is defined as the time required by 
a given amount of the element of decay to one-half of its initial value. 


0.693 
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5.3 


5.4 


5.5 


5.6 


(a) 
(b) 
(с) 


5.7 


Average Life Period (T) : Since total decay period of any element is infinity, it is meaningless to 
usc the term total decay period (total life period) for radio elements. Thus the term average life is 
used which is determined by the following relation. 


Average life (T) = Sumof Hvesof the nuclie 
Total number of nuclei 


Relation between average life and half-life : Average life (T) of an element is the inverse of its 

А 1 
decay constant i.e, Т = X 
Substituting the value of 2. in the above equation, Т = са. =1.44:,, 


Thus, Average life (T) = 1.44 x Half-life (t,.) = 2 хїү› =1.414t,, 


Thus the average life period of a radioisotope is approximately under-root two times of its halflife 
period. 


Specific activity : It is the measure of radioactivity ofa radioactive substance. It is defined as ‘the 
number of radioactive nuclei which decay per second per gram of radioactive isotope’. Mathematically, 
if *m' is the mass of radioactive isotope, then 

; ..  Rateofdecay AN — x. Avogadro number 
Specific activity" m m Atomic mass in g 


Where N is the number of radioactive nuclei, which undergoes disintegration. 


Activity (A) : 


The number of atoms of any material decaying per second is defined as the activity of that material. 
Its value depends on the quantity and nature of that material. 
Formulae of activity 


(i) A =- (äi) A=AN 


(ii) 4,=AN, (iv) A- Ae 
where 4, = maximum initial activity; A= activity after timet, 2 =decay constant, 
N " = Avogadro number , m = mass of material 


Units of Radioactivity — 

S.l unit ~ disintegrations per second i.e., Bq 
1Bq- ldisintegration/s 

Practical units: curie and rutherford. 

1 curie = 3.7 x 10" disintegration/sccond: 
1 Rutherford = 10° disintegrations/second. 


Illustration : 


1. The half life period of ,,1'* is 60 дау. What % of radioactivity would be present after 180 day ? 


Sol. t, = 60 day, Т = 180 day 
T 180, 
PS ta 60 
ОР №, 
% of radioactivity left after 3 halves = TT m 12.5% 


2. What mass of ^C isotope will have an activity equal to one curie? t» of “C is 5730 years. 


dN 
Sol. E a 1 curie = 3.7 x 10!? disintegrations per second 
a 0.693 
` 5130x365x24x3600 


94 ON 3.7 T MN. NN 
dt ОРХИ 5730x365x24x3600 


Or N = 9.65 x 10?! atoms 
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coup 6x10 = 0.2244 


Or amount of '*C = 


Exercise 


1. The half-life period of a radio active element is 100 seconds. Calculate the disintegration constant and 
average life period. How much time will it take for 90% decay? 
Ans. 0.00693 s^!, 144.3 s, 332.3 s 


6. THEORY OF RADIOACTIVE DISINTEGRATION 


Rutherford and Soddy, in 1903, postulated that radioactivity is a nuclear phenomenon and all the 
radioactive changes are taking place in the nucleus of the atom. They presented an interpretation of the 
radioactive processes and the origin of radiations in the form ofa theory known as theory of radioactive 
disintegration. The main points of this theory are as follows : 

The atomic nuclei of the radioactive elements are unstable and liable to disintegrate any moment. 

The disintegration is spontaneous, i.e., constantly breaking. The rate of breaking is not affected by 
external factors like temperature, pressure, chemical combination etc. 

During disintegration, atoms of new elements called daughter elements having different physical and 
chemical properties than the parent elements come into existence. 

During disintegration, either alpha or beta particles are emitted from the nucleus. 


ACC- CH-RADIOACTIVITY 7 


The disintegration process may proceed in one of the following two ways : 


6.1 


6.2 


6.3 


a-particle emission : When an c-particle (,He*) is emitted from the nucleus of an atom of the parent 
element, the nucleus of the new clement, called daughter clement possesses atomic mass or atomic mass 
number less by four units and nuclear charge or atomic number less by 2 units because a-particle has 
mass of 4 units and nuclear charge of two units. 


-q 
Parent clement — ———» Daughter clement 


Mass number : A А-4 
Atomic number : Z 2-2 
Examples are: 
226 222 4. 
„52° — „Ка + Не"; 
(Radium) (Radon) 
238 234 4 
„U ——> „Т + He 
(Uranium) (Thorium) 


yor? — —3 _ „ТР + Нех 
(Bismuth) (Thallium) 


„Рог! А „РЬ!!! + Het 
(Polonium) (Lead) 


B-particle emission : D-particle is merely an electron which has negligible mass. Whenever a beta 
particle is emitted from the nucleus ofa radioactive atom, the nucleus of the new element formed possesses 
the same atomic mass but nuclear charge or atomic number is increased by 1 unit than the parent 
element. Beta particle emission is due to the result of decay of neutron into proton and electron. 

of! —> ,p' + ue 
The electron produced escapes as a beta-particle-leaving proton in the nucleus. 


-p 
Parent element  ————» Daughter element 
Mass number: A А 
Atomic number : Z 2+1 


Examples аге: 

214 :214 0. 
go pB + е; 
(Lead) (Bimuth) 

2M 234 D 
„Thi Pa е 
(protoactinium) 

+213 23 „0 
„ӨК P» Se 

(Polonium) 


Special case : If in a radioactive transformation 1 alpha and 2 beta-particles are emitted, the resulting 
nucleus possesses the same atomic number but atomic mass is less by 4 units. A radioactive transformation 
of this type always produces an isotope of the parent element. 


A T» p B c" -p д4 


А and D are isotopes. 


y-rays emission : y-rays are emitted due to secondary effects. The excess of energy is released in the 
form of y-rays. Thus y-rays arise from energy re-arrangements in the nucleus. As y-rays are short 
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7. GROUP DISPLACEMENT LAW 


Soddy, Fajans and Russell (1911-1913) observed that when an a-particle is lost, a new element with 
atomic number less by 2 and mass number less by 4 is formed. Similarly, when B-particle is lost, new 
element with atomic number greater by 1 is obtained. The element emitting then a. or B-particle is called 
parent element and the new element formed is called daughter element. The above results have been 
summarized as Group displacement laws as follows : 

(1) — Whenan a-particle is emitted, the new element formed is displaced two positions to the left in the 
periodic table than that of the parent element (because the atomic number decreases by 2). 


New clement 
formed (daughter) 


Onginal element 
(parent) 


Two position left of By $E d ЭШЕ of 
the original element a-particle 


For example, when 
QU. IBS Het 
(2) Whena f-particle is emitted, the new element formed is displaced one position to the right in the 
periodic table than that ofthe parent element (because atomic number increased by 1). 


Original clement New element 
formed (daughter) 


By loss By loss of a-gerti- -partcle Two position right of 
the original element 


For example, 
SQ IM — „Ра?“ + е; 
NE е 
7.1 To calculate no of a-particles and B-particle emitted 
Ua — ,Y* +xa+yB 
x: no of с -particles emitted у: no of f -particles emitted 


' 
‚„Х*—э„Ү* + x4He* + уле" 


A=A'+4x х= 


— А-А! 1 
Z=Z'+2x-y y=Z'-Z+2x fe —— -(z-z') 
eg: gU™— Pb? e x He* - y e" 
 A-4' 238-206 _ 


no. of a-particles = 8 
I 
y- A-A -(z-z') -( 7°57") -(92-82)=16-10=6, 
2 2 
no. of B-particles = 6 


Illustration : 


Th?! disintegrates to give Pb; as the final product. a and f) particles emitted during the process are 


(A) 7 and 6 (B) 6 and 7 (C) 2 and 4 (D) 4 and 2 
(A) 
Suppose the number of a particles emitted are ‘x’ and f particles emitted аге ‘y’. Then, 


234 206 4 
Thio — Pbi +х,а+у p 


On equating mass number on both sides, we obtain 
234 = 206 + 4x + Oy 

Or x=7 

On equating atomic number on both sides, 

90 = 82 +2x-—y =82+2.7-y 

Ог y=6 

So, 7a and 6p particles are emitted. 


Exercise: 


The mass number of Th is 232 and its atomic number is 90. In terms ofits radioactive disintegration six 
a and four B-particles are emitted. What is mass no. and at. no. of products ? 


Ans. 208,82 
8. THEORIES REGARDING NUCLEAR STABILITY 
8.1 Even odd theory of nuclear stability 
The number of stable nuclides is maximum when both р and n are even number. 
| p | n | No.ofstablenucleus 
even 
| odd |even| | 50 | 
[odd | odd | — 5 | 
8.2  Magicnumbers and nuclear stability 


Nuclei with 2, 8, 20, 28, 50, 82 or 126 protons or neutrons are exceptionally stable and have a larger 
number of stable isotopes than neighboring nuclei in the periodic table. These numbers are called magic 
numbers. They are supposed to represent completely filled nuclear shells of energy levels. 

e.g. „эп having 10 stable isotopes while | Sb has only two stable isotopes. 


10 


8.3 


8.4 


Nuclei with magic number of protons as well as neutrons have notably high stabilities. 


[eg. $ Не „180,5 Ca and 22% Pb ]. 165 such stable nuclei are known. 


Packing Fraction 
‘Aston’ expressed relation between isotopic mass & mass number in terms of packing fraction. 
Atomic mass— Mass number - 


Mass number 10° 


Packing Fraction = 
Packing fraction of C-12 is exactly zero. packing fraction may be positive or negative. Negative packing 
fraction implies that nuclei is stable. Positive packing fraction implies that nuclei is unstable. Some lighter 
nuclei have positive packing fraction although nucleus is stable. Mo, Ru, Rh, Pd have lowest packing 
fraction 


| 
wp 


Peting boten (X HP 
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Binding Energy : It is defined energy required to break the nucleus into its component protons & 
neutrons. Binding energy per nucleon gives a quantitative measure of nuclear stability. 

Mass defect (Am) = mass of neutron + mass of proton — mass of nucleus 

Binding energy of nucleus = Am c? 

The binding energy for a nucleus containing Z protons and N neutrons can be calculated as 


Binding energy = (2М, + Nm, - 2 M )c? 


Note that above equation does not include Zm, the mass of Z protons. Rather, it contains ZM, , the 


н? 
mass of Z protons and Z electrons combined аз Z neutral | H atoms, to balance ће Z electrons included 


in / М , the mass of the neutral atom. 
If Ат = | a.m.u then B.E. = 931.5 MeV 


B.E. 


B.E. per nucleon = No.of nucleons 


A very heavy nucleus, say A= 240, has lower binding energy per nucleon compared to that ofa nucleus 
with A= 120. Thus ifa nucleus А = 240 breaks into two A= 120 nuclei, energy would be released in the 
process. This implies nucleons get more tightly bound. It has very important applications for energy 


production through fission. 


11 


Dimding emergy pet ликов (Mev) 
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Consider two very light nuclei (A € 10) joining to form a heavier nucleus. The binding energy per nucleon 
ofthe heavier nuclei is more than the binding energy per nucleon of the lighter nuclei, again energy would 
be released in such a process of fusion. Nuclear binding energy is maximum for mass number 50 — 60. 
Fe, Co, Ni very high nuclear binding energy. 


Illustration : 


Sol. 


Sol. 


The atomic mass of ,O!6 = 15.9949 amu. Calculate the BE/nucleon for this atom. Mass of In and 1р 
is 2.016490 amu. and m, = 0.00055 amu. 
Mass of In + 1р = 2.016490 amu. 
Mass of 8n + 8p=8 x (2.016490) amu. 
Total mass of O6 atom = m (p + n) + m (electron) (m = mass) 
= § х (2.016490) + 0.00055 x 8 = 16.13632 amu 


Mass defect = 16.1363 — 15.9949 — 0.1414 amu 
BE = Mass defect x 931.478 MeV 
= 0.1414 x 931.487 = 131.71 MeV 


Total BE 131.71 
No.of nucleons” 16 


Calculate the mass defect and binding energy per nucleon foran alpha particle whose mass is 4.0028 
amu. m, = 1.0073 and m, = 1.0087 amu. 

a-particle has 2p and 2n 

7. Mass of 2p + 2n in a-particle = (2 х 1.0073) + (2 х 1.0087) = 4.032 amu 

Actual mass of a-particle (given) = 4.0028 amu 

-. Mass defect = 4.032 — 4.0028 = 0.0292 amu. 

Now BE = Mass defect x 931 = 0.0292 x 931 = 27.1852 MeV 


27.1852 


BE/nucleon = = 8,232 MeV 


.. BE/Nucleon = = 6.7963 MeV 


eausa. CLASSES Private Ltd. ‘Gaurav Tower’, A-10, Road No.-1, I.P.I.A., Kota-05 
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Exercise: 


1. 


Calculate the binding energy for H? atom. The mass of Н? atom is 2.014102 amu, where In and Ip 
have their weights 2.016490 amu. Neglect mass of electron. 


Ans. 2.2232 MeV 
a 
20 
"um 
8.5 | Neutron/ proton ratio and stability belt | ox Ий 
90 
For atomic number < 20, most stable nuclei have n: p ratio nearly ] so БЕ 
70 
1:1(ехсерїН & Ar). i wo 
For n/p ratio > 1.52, nucleus is unstable. Largest stable nucleus is i mnu 
< » 
2 Bi for which n/p ratio is 1.52. a 
10 
For atomic number > 83, there are no stable nuclei. = 
9. EXPECTED EMISSIONS FROM UNSTABLE NUCLEUS 
9.  n/pratioabovestability belt : Those nucleus which have high value of n/p ratio (lie above the stability 
belt) undergoes ° В decay. 
Bapa 
0Р—105 + 1 
Beta decay is possible whenever the mass of the original neutral atom is greater than the final atom. 
The difference between the rest mass energy of the initial constituents and that of the final products is 
called the Q-value of the process. Thus, if U; is the rest mass energy of the initial constituents and U, 
is that of the final products, 
Q -U,-U, 
Q value is positive i.e. isolated neutron may decay into proton. The energy of ‚°P particle can be any 
thing between zero & Q. Such transformation takes place because of weak forces operating within the 
nucleus. 
9,2 n/p ratio below stability Бе: 
(a) a-decay 
a Bi— ait +3He 
Observed in nuclei with A> 210 
Mass number & the atomic number of the daughter nucleus decreases by 4 & 2 respectively compared 
to parent nucleus. Alpha decay may take place spontaneously or it can be initiated. Alpha decay is 
possible whenever the mass of the original neutral atom is greater than the sum of the masses of the final 
neutral atom and the neutral helium-4 atom. All the alpha particles coming from a particular decay 
reaction have the same kinetic energy. 
(b) (2 р) Positron decay 


t > r 0 
,P ont ap 


(с) 


(d) 


10. 
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Those nucleus which have low value of n/p ratio (lie below the stability belt) undergoes 2 В decay. 


Q value is negative i.e. isolated proton will not decay into neutron. 
Positron decay is possible whenever the mass of the original neutral atom is greater than at least two 
electron masses larger than the final atom. 


K electron capture - Electron is captured from Ist shell and one neutron is formed by the combination 
ofcaptured е and a proton of the nucleus. 


A 0 А 
zX+ e — 71Y 


IS Ag+ Se — Pd 


NU + е > Qn 
* Electron capture can occur when ever the mass of original neutral atom is larger than that of final atom. 


* Those nucleus having low n/p ratio can capture K shell electron. 
* X-rays are emitted during the process. 


y-decay 
When an о. ог p decay takes place, the daughter nucleus generally formed is in excited state & comes to 
ground state by a single or successive transitions by emitting electromagnetic radiations Le. y rays. 


$Co—> “Ni + 3p 
sm Ni—> Sni + oy 


Oy - - 
‚В emission 


E, = 1.17 MeV 
Е, = 1.33 MeV 


„№ 
No. of neutron and proton is unchanged while quantum state of nucleon changes. 


RADIOACTIVE DISINTEGRATION SERIES 


Many radioactive nucleus (Z > 82) are obtained in nature as a member of natural decay series. 
The series of nuclear reaction is known as radioactive disintegration series. 


a oo 
Thorium series 

(4n*1) or в?” 

Neptutinum series 


4n+2 238 
or Uranium series 


4п+3 U^ 
or Actinium series 
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THE THORIUM SERIES: 
332 й 228 — 228 В 228 -a 224 
so Th „Ва E+ AC та" a Ra 
212 -— A 


THE NEPTUNIUM SERIES : 


241 
в Ат E 
мэз Tum 237 ~a 3 -В 233 -a 
s Pu Hd L 


229 
eR Np —> Pa" —— gU —-*»fIh 
3 


-Q Po 45 225 . 225 

> 84 =f 217 -a 21 -a - В 
в. -P ес. P 3343-42 кА! E «Fr ME 39 ÀC P NE cm «Ка 
RI 


82 кзВі ,Po 4 „Ет «—— „Ва 
чут Saree 

210 
,5Bi s Ро» Pb” 


p 227 д 
2335 a 231 В 22 Go rh 77 223 
92U goth — 9] Pa —›» g9AC RS = + ХХ 
= grr в 
ро в В Pb! = _ jn B 
x -Q 84 ml эи 82 2 sEm P 2 
рЫ Tum Bi bbc lad po? мел AR” 
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APPLICATION OF RADIOACTIVITY 


Radioisotopes find numerous applications in a variety of areas such as medicine, agriculture, biology, 
chemistry, archeology, engineering and industry. Some of the are given below : 

Age determination (carbon dating) : Radioactive decay follows a very exact law, and is virtually 
unaffected by heat, pressure, or the state of chemical combination of the decaying nuclei, it can be used 
as a very precise clock for dating past events. For instance, the age of carth has been determined by 
uranium dating technique as follows. Samples of uranium ores are found to contain РЬ2% as a result of 
long series of a- and B-decays. Now if it is assumed that the ore sample contained no lead at the 
moment of its formation, and if none of the lead formed from 172% decay has been lost then the measurement 
ofthe Pb7%/U>** ratio will give the value of time t of the mineral. 


No. of atoms of Pb?* 


ert! Үү i ium- 
No. of atoms of UP let E? where 2 is the decay constant of uranium-238 


03 Initial amount of U?* 


| 23 . . ltiaamoun of U™ — —  — 
Altemativcly, t7 7177 log Amount of U?* in the mineral present till date 


Similarly, the less abundant isotope of uranium, 0225 eventually decays to Pb?9?; Th??? decays to 
РЬ2% and thus the ratios of Pb?"7/U235 and РЬ?®/ТЪ??? can be used to determine the age of rocks 
and minerals. Many ages have been determined by this way to give result from hundreds to thousands of 
million of years,. 

Besides the above long-lived radioactive substances viz. U??*, U?*5 and Th??? (which have 
been present on earth since the elements were formed), several short-lived radioactive species have 
been used to determine the age of wood or animal fossils. One of the most interesting substances is 
«C (half-life 5760 years) which was used by Willard Libby (Nobel lauret) in determining the age of 
carbon-bearing materials (e.g. wood, animal fossils, etc.) Carbon-14 is produced by the bombardment 
of nitrogen atoms present in the upper atmosphere with neutrons (from cosmic rays). 

NS T» jn! am C^ rà Н! 


Thus carbon-14 is oxidised to CO, and eventually ingested by plants and animals. The death of plants 
or animals puts an end to the intake of C4 from the atmosphere. A fier this the amount of C^ in the dead 
tissues starts decreasing due to its disintegration. 


14 14 0 
C'4N"* 


r. 
It has been observed that on an average, опе gram of radioactive carbon emits about 12 B-particles per 
minute. Thus by knowing either the amount of C- 14 or the number of B-particles emitted per minute per 
gram of carbon at the initial and final (present) stages, the age of carbon material can be determined by 
using the following formulae. 

2.303 М 2.303, N, 


= log— ort = log —- 
А t EN, ort n EN, 


where t = Age of the fossil, 4 = Decay constant, N, Initial radioactivity (in the fresh wood), 
N= Radioactivity in the fossil 
The above formula can be modified as 
2.303 Initial of C'* / C" (in fresh wood) 
= log CHIC ratio іп the old wood 


2.303 Initial amount of C" / C" (in fresh wood) 


TUM 795 Amount of C'* in the old wood 


2.303 Radioactivity in fresh wood due to C" 
X °S Radioactivity in old wood due to C" 


2.303xt,, of C",  countsmin ' g ' of С“ infresh wood 
0.693 counts min" g "of C" inold wood 
Similarly, tritium „Н? has been used for dating purposes. 


Illustration : 


E An old piece of wood has 25.6% as much C" as ordinary wood today has t,» of '*C is 5760 years. 
Calculate the age of the wood ? 
Sol ‘a’=amount of "C present originally in wood 
25.6 


Amount of '*C now present in old wood = (a—x)= 700° 0.256a 


time *t' in which ‘a’ has changed to 0.256 a is 
t= 2.303 log —ê 


À 0.256 a 
Now, A = 0.693/5760 = 1.203 x 10+ y" 


2.303 
08 —— => 1= 11329 years 


1203x107 70.256 


Exercise: 


L The ,C'* and ,C" ratio ina piece of wood is 1/16 part that of atmosphere . Calculate the age of wood. 
(t, ., of C,, is 5577 year). 
Ans. 22308 усаг 


11.2 Radioactive tracers (use of radio-isotopes) : A radioactive isotope can be easily identified by its 
radioactivity. Because of similar physical and chemical properties of radioisotopes and non-radioisotopes 
ofan element, if a small quantity ofthe former is mixed with normal isotope, then chemical reactions can 
be studied by determining the radioactivity of the radioisotope. The radioactivity can, therefore act as a 
tag or label that allows studying the behaviour ofthe element or compounding which contains this isotope. 
An isotope added for this purpose is known as isotopic tracer. The radioactive tracer is also known as 
an isotopic tracer. The radioactive tracer is also known as an indicator because it indicates the reaction. 
Radioisotopes of moderate half-life periods are used for tracer work. The activity of radioisotopes can 
be detected by means of electroscope, the electrometer or the Geiger-Muller counter. Tracers have 
been used in the following fields : 


11.3 
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(i) In medicine : Radioisotopes are used to diagnose many diseases. For example, Arsenic - 74 tracer 
is used to detect the presence of tumours, Sodium -24 tracer is used to detect the presence of blood 
clots and Iodine -131 tracer is used to study the activity of the thyroid gland. It should be noted that the 
radioactive isotopes used in medicine have very short half-life periods. 


(ii) In agriculture : The use of radioactive phosphorus ??Р in fertilizers has revealed how phosphorus 
is absorbed by plants. This study has led to an improvement in the preparation of fertilizers. C is used 
to study the kinetics of photo synthesis. 


(iii) In industry : Radioisotopes are used in industry to detect the leakage in underground oil pipelines, 
gas pipelines and water pipes. Radioactive isotopes are used to measure the thickness of materials, to 
test the wear and tear inside a car engine and the effectiveness of various lubricants. Radioactive carbon 
has been used as a tracer in studying mechanisms involved in many reactions of industrial importance 
such as alkylation, polymerization, catalytic synthesis etc. 


(iv) Analytical Studies : Several analytical procedures can be used employing radioisotopes as tracers. 
(a) Adsorption and occlusion studies : A small amount of radioactive isotope is mixed with the inactive 
substance and the activity is studied before and after adsorption. Fall in activity gives the amount of 
substance adsorbed. 


(b) Solubility of sparingly soluble salt : The solubility of lead sulphate in water may be estimated by 
mixing a known amount of radioactive lead with ordinary lead. This is dissolved in nitric acid and precipitate 
as lead sulphate by adding sulphuric acid. Insoluble lead sulphate is filtered and the activity of the water 
is measured. From this, the amount of PbSO, still present in water can be estimated. 


(c) lon-exchange technique : Ion exchange process of separation is readily followed by measuring 
activity of successive fractions eluted from the column. 


(d) Reaction mechanism : By labelling oxygen of the water, mechanism of ester hydrolysis has been 
studied. 
pa +HOH „же; « R'OH 
“ов “он 


(е) Study of efficiency of analytical separations : The efficiency of analytical procedures may be 
measured by adding a known amount of radio-isotopes to the sample before analysis begins. After the 
completion, the activity is again determined. The comparison of activity tells about the efficiency of 


separation. 


Use of ү-гауѕ : y-rays are used for disinfecting food grains and for preserving food stuffs. Onions, 
potatoes, fruits and fish etc., when irradiated with y—rays, can be preserved for long periods. High 
yielding disease resistant varieties of wheat, rice, groundnut, jute etc., can be developed by the application 
of nuclear radiations. The y-rays radiations are used in the treatment of cancer. The radiations emitted 
by cobalt -60 can burn cancerous cells. The y-radiations are used to sterilize medical instruments like 
syringes, blood transfusion sets. etc. These radiations make the rubber and plastics objects heat resistant. 


Saved /storage/emulated/0/Pictures/TouchShot/ 


20170809-000059.1 


* ane 


18 


12. NUCLEAR REACTIONS 


The reactions in which nuclei of atoms interact with other nuclei or elementary particles such as 
a-particle, proton, neutron, deutron, etc, resulting in the formation of new nuclei with or without liberation 
of one or more elementary particles, are called nuclear reactions, The particles resulting nuclear reactions 
are also called projectiles. In all the nuclear reactions, the total number of protons and neutrons are 
conserved. Nuclear reactions may be expressed as similar as chemical reactions, like 


NM + „Ht —> ‚О!7+ ‚Н! 
Here, the nucleus of nitrogen atom is converted in to the nucleus of oxygen atom by a-particle and 
proton is also produced as a by-product. These reactions may be expressed by short hand notation, in 
which the projectile and the liberating particle are expressed by their symbols, in a small bracket in 
between the parent and the product nucleus. For example, the above reaction may also be expressed as: 
;N I4 (a, р) 9" 


12.1 Some differences between nuclear and chemical reactions 


[e| — — Chen reaction 
UNI No new element is formed New element is formed 
Valence electrons of atoms participates Only the nucleus of atoms participates 


3. | Balanced by the conservation of atoms Balanced by the conservation of nuclear charge and 
mass number (total number of neutrons and protons) 


m Mass conservation is obeyed Disobey mass conservation 


May be exothermic or endothermic, liberating | May be exothermic or endothermic, liberating or 
or absorbing relatively small amount of energy ee relatively very high amount of energy 
|6. | May be reversible 
S 1] May obey kinetics of any order тене а — only first order kinetics 


Rate depends on extemal factors like | Rate is independent from any external condition 
temperature and the catalytic conditions 


12.2 Types of Nuclear Reactions : 
(i) Projectile Capture Reactions: 
ai + gn! > Ч? + 1 


pA + ш! ә ЦАР + y 


(ii) Particle - particle reactions: 
uNa? + JH! — Mg? + gn 
que re (he Bg! 
(iii) Spallation reactions: High speed projectiles with 400Mev bombarded on high nucleus giving smaller 


nucleus. 
Cu + „Не* —› ©” + 14,H! + 16 п! 


(iv) 


(a) 


(b) 


(у) 
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Fission reactions: It is the nuclear reaction in which а heavy nucleus is broken down bya slow ог 
thermal neutron (energy about 0.04 eV) into two relatively smaller nuclei with the emission of two or 
more neutrons and large amount of energy. For example, 


the reaction of atom bomb: |,,U?5 + (n! — „Ва!!! + „Кг? +3 п! +200 MeV 


It is also found that the products of nuclear fission reactions are not unique. Some more products are 
formed. The most probable mass numbers of the two nuclides formed are around 95 and 140 and an 
average of 2.5 neutrons is emitted out per fission. 


235 ! 139 95 ! 
QU + gn ә sXe + Sr +2 gn 


asl + ҮЙ 2 an^, etc 
The destructive action of atom bomb is due to the following reasons: 
As some neutrons are produced in each fission, they may collide efficiently with the other U?55 nuclei to 
produce more neutrons and thus the reaction occurs in chain like fashion. It results the emission ofa large 
amount of energy in very small time. 
Each product of fission is radioactive and hence increases the intensity of radiation in that region, result- 
ing the problems duc to radiations. 


Fusion reactions: It is the nuclear reaction in which two or more light nuclei fused together to form 
heavier nuclei, with the evolution of tremendous amount of energy. In such reactions, relatively more 
stable nucleus having higher binding energy per nucleon is formed. Such reaction is difficult to occur 
because when the nuclei of different atoms come closer, they repel each other strongly. This is why, very 
high temperature of the order 10°K is needed for the occurrence of such reactions. However, the overall 
reaction is highly exothermic due to large mass defect. Some examples of nuclear fusion reactions are: 


Probable reaction occurring at the surfaceofsun: 4,H! — ,He*+2 ,,e°+24.7 MeV 


Illustration : 


Sol. 


Write equations for the following transformations : 

(a) .N'* (n, p) (b) ,,K?? (p, a) (c) p'-decay by uNa? 

(a) NU (n, p) indicates that N'* on bombardment with neutrons gives proton. 
2 N+! ——39 QUE 
on equating at. no. andi mass no. on both sides, we get 

NH + on! › CH + үр! 

(b) а «ы. (p. a) indicates that К? on bombarment with proton gives a-particle. 

There, „КЗ? + H! —— gat I^ 


(c) „Ка? ——> Ne” + е? (f^ or positron) 


Exercise : 


Ans. 


Complete the following : 
d pe + Не ete a +з (2) АРУ + gn! Ег: AUS + PB + 
29 uw 3 — i? s.s.s.. = 
(1) NM 4 „Не“ > zn xr Н! бул” + jn! > JE + QU +2 on! 
(3) „3 „Ni“ zn at e 
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13. 


(i) 
(a) 


(b) 


(ii) 


(iii) 


(iv) 


14. 


NUCLEAR REACTOR 


A nuclear reactor is the furnace, place where nuclear fission reaction is performed to get energy. The 
essentials ofa nuclear reactor are: 


Fuel : Nuclear fuels are of two types: 


Fissile materials : These are the nuclides which directly results chain reaction on bombardment with 
slow neutrons. Such nuclides аге U?*, Pu*”, U™ etc. 


Fertile material : These are the nuclides which are non-fissile, but they may be converted in to a fissile 
material by the action of neutrons. Such nuclides are U?* and Th™™. 


АЛ” + on! » aU” = M a Np” _ Е, „Ри? 


232 1 2339 - ы 233 
ТВ + 007—9 „Тә Pa? — pU 
Such conversions are performed in a special type of nuclear reactor called Breeder Reactor. 


Moderator: It is used to slow down the fast neutrons without absorbing them. Example: water, graphite, 
helium, D,O ete. 


Control rods: These are the rods of material which can absorb neutrons and hence control the fission 
reaction. Example: Cadmium, boron, etc. 


Coolant: These are the material which transforms the energy produced in the fission reaction in to heat 
energy. Example: Liquid alloy of sodium and potassium, heavy water, polyphenyls, etc 


ARTIFICAL TRANSMUTATION 


Itis the method of conversion of atom of one element in to the atom of other element with the help of 
some particles like alpha particle, proton, deutron, neutron, etc (called projectiles). The first such trans- 
mutation was performed by Rutherford. When N'* atoms were bombarded by very fast moving 
a-particles, the nitrogen atom has changed in to oxygen atom and proton is produced simultaneously 


;NM 2 Неї —> a" x Н! 
Later on, Rutherford and Chadwick shown that most of the nuclei may be transmuted by the suitable 


projectile. After the discovery of cyclotron, a particle accelerating machine, such transmutations become 
more easier. 
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15. ARTIFICAL RADIOACTIVITY 


When Irene Curie and F. Juliot bombarded the atoms of AF’, B' or Mg?* by fast moving a-particles, 
protons, neutrons and positrons were produced. They observed that the emission of protons and neu- 
trons stop on stopping the bombardment but the emission of positron continues. They also observed that 
the rate of emission of positron decreases exponentially in the manner similar to natural radioactivity. 
They named the isotope emitting positron as artificial radioisotope and the phenomenon as artificial 
radioactivity. 


ЗАР? + Het— Si+ H! 


30 I 
> PUn 


30+ еб 
TET: 
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Q.1 


Ans. 


Sol. 


Q.2 


Ans. 
Sol. 


Q3 


Ans. 
Sol. 


QA 


SOLVED EXAMPLES 


The half-life ofa radioisotope is 1.5 hours. Ifits initial mass is 32 g, the mass left undecayed after 6 hours 
Б 


(A) 32р (В) lóg (С) 42 (D 2g 
(D) 
N, (initial mass) 


N= mass left = 


N= VAT since t/y, =6/\ 5 24) -2g 


After 24 hours, only 0.125 рош of an initial quantity of 1 gofa radioisotope remains behind. Its half-life 


period is 
(A) 7.2 h (В) 7.99h (C) 6.99 h (D) 10.0 h 
(B) 
In this problem, ‘a’ = 1.0 gand ‘a —x' = 0.125 g and ‘? 724 h. Therefore, the disintegration constant. 
he 2.303 БЕ а 
t а-х 
2.303 1 T 0.693 
= l = 0.0866 Д > =— = 7.99 һ 
ж 77 "ops BENE MI dii 


The half-life period of 112? is 60 days. What percent of the original radioactivity will be present after 180 
days? 
(A) 50% (B) 20.5% (C) 12.594 (D) 25% 
(C) 
f2 = 60 days and t = 180 days 
180 Ny _1 


1 
Therefore, А. = SD =3.00г N= 530 3500 percent of N, = 12.5% 


A radioisotope undergoes decomposition which follows two parallel paths as shown below 
k, ~ B 
A k,7 1.26 x 104s"! 
м К,= 3.8 х 107 1 
2 C 
The percentage distribution of * B' and *C" are 
(A) 80% of 'B' and 20% of *C" (B) 76.83% *B' and 23.17% °C’ 


(C) 90% *B' and 10% *C’ (D) 60% *B' and 40% *C’ 
(B) 


Sol. 


Q.5 


Ans. 


Sol. 


Ans. 


23 
The percent distribution of 


os kı 
B Week 


+ 
= 


k 
x100 = 76.83 %, Сү, х100 = 23.17% 


2 


The activity of І g of radium is 0.5 curie. Calculate the half-life period of radium and the time required for 
the decay of radium from 2.0 g to 0.25 g. 

(Atomic mass = 226) 

9492 yrs. 


6.023x10? x1.0 


А 26р, = 
Number of atoms іп 1.0 g of ^Ra 226 


: е: КМ ; 
Activity — = =0.5сипе 


=0.5 x 3.7 x 10! disintegrations per second 
= 1.85 x 10'? disintegrations per second 


dN 6.023107 
= Si Muda os 
dp TAN or 1.85 x 10 Ax — 
0.693 т 
е 12.4 „ = —— =9,978х10!% 
Ог A = 6.945 х 10^ 5 Ог tio 69451022 
9.978x 10? 


s “aoe ee 


Time required for the decay of 2.0 g to 0.25 g = three half lives = 
3 x 3164 = 9492 years 


A certain radioisotope АХ (t, = 10 days) decays to give YA . If 1.0 g atom of X2 is kept ina 


sealed vessel, how much helium will collect in 20 days? 
16.8 L 


Decay of АХ to 25 Y produces one helium atom. Therefore, decay of 1.0 g atom of ^ X. will produce 
1.0 g of atom of helium gas. Half-life of X = 10 days. 


1.1.3 
Therefore, the amount decayed in 20 days = 2 * "E 48 ofatom 


1.0 gatom of He = 22,400 cm? at 0°C and atm 


3 
3/4 g atom of He = 22, 400 x 4" 16,800 cm? 
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Q.7 


Ans. 


Sol. 


Q.8 


Ans. 


Sol. 


A sample of "CO ; Was to be mixed with ordinary CO, fora biological tracer experiment. In order that 
10 ст? of diluted gas should have 10* dis/min, what activity (in Ci) of radioactive carbon is needed to 
prepare 60 L of diluted gas at STP. [1 Ci=3.7 x10" dps] 
(A) 270 pCi (B) 27 pCi (C) 2.7 pCi (D) 2700 pCi 
(В) 

- 10* 
A = AN ; activity (or rate of decay) of 10 ml gas => 0 dps 


10* | 60x1000 
rate of decay of 60 litre ваз = | gg |х jo _ = 10^ sec 
(— 1Сі= 3.7 x 10 dps) - ent RR 
i 3.7x10" 


The analysis of a mineral of uranium reveals that ratio of mole of Pb and ?*U in sample is 0.2. If 
effective decay constant of process. 9*U ——» 2%РЬ is X then age of rock is 


mia moO өм galt] 
wy эуел ун (Di ns 
(D) 

1 Np, t Tl 
dil ny | (1) 

1 +n l 6 

given ү =02= < (=): +1-($} ...{ii) 
Substituting (ii) in (i) 
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CARBONYL COMPOUND 


INTRODUCTION 


(а) Organic compounds in which — C- group is present are called ‘Aldehyde & Ketone’, 
о 
(b Тһе group —С- is called as carbonyl group so, compound are also called carbonyl 
T 


о 
compounds, If Н atom is attached with this carbonyl group then compound is called 
aldehyde and if alkyl group is present on both sides then compound is called Ketone. 


(с) In ketone if both alkyl group are same then they are called simple ketone, if different then called 
mixed ketone. 


(d) ^ Their general formula is C,,H,,,0. Hybridisation state of carbon is sp? and C = О bond length is 
L23A*. 


(e) The ratio of C, Н & О in formaldehyde is 1 : 2 : 1 (CH,O). It is called simplest sugar. 
(f) Aldehyde shows chain, position and functional isomerism. 


(g) Ketone shows chain, position, functional and metamerism also. Aldehyde and ketone both are 
functional isomers with each other. 


GENERAL METHODS OF PREPARATION 


From Alcohol (By Oxidation) :— Primary alcohols can be oxidised to aldehydes by using pyridinium 


chlorochromate (P.C.C Y(C.H.NH CrO,CI ). A stronger oxidising agent (e.g. KMnO,) oxidises 


primary alcohols to carboxylic acids. 


H H 
R-C-O-«[O] ——— 2-C- O0 

1 1 си,а, 

H H aldehyde 
primary alcohol 

1 1 
R-C€-D4[0] — к бы 

I d. 
H H ketone 


secondary alcohol 


From Alcohol (By Catalytical Oxidation) : — When vapours ofa primary alcohol (or secondary 
alkanol) are passed over heated copper (or zinc oxide) at 300° then aldehyde (or ketones) are 
formed. 


Сш! 300° 


R - CH,OH —““"+ R - CHO + H, 


R Re 
CH - OH Cu! 300° C=O+H 
э F: 2 


к^ к 


From Alkene (Ozonolysis) : Desired aldehyde and ketones can be obtained by ozonolysis of 


appropriate alkenes. 
` О. 
R-CH=CH-R'—% >R- T CH-R LA R - CHO + R'CHO 
I 22 
0—1—0 
" R ^ о ^ R' n 
ma и" NN” S P ai 
С= о, T | C — aio , С= 0+0 = 
шй x Se "S A А +40, ibm 
R' R OQ——O к : 


From Alkyne : Acetaldehyde is formed on passing acetylene in 40% aqueous solution of H,SO, 
at 60° in the presence of 1% HgSO,. It is called Kucherov's reaction. 


CH = CH + HOH —"959«9*59. , CH,=CH-OH . ss» , CH,-CHO 


К-С= С-Н + НОН . *s50./si450, , рс = CH, mommy R-g-cH 
| 
OH о 


Note : Methanal cannot be formed from the above reaction. 


From Grignard’s Reagent : Alkanal is formed by reaction of formic ester and an alkylmagnesium 


halide. 
ә ay R R 
К < Mg- X L 7 | н.о | 
` + R-C-0-R" ————› R-C-O-R" —~“> gR-C-O 
One equivalent |! | 
о O-Mg- X 


Ketones are obtained from acetic and higher esters. Acid chlorides and amides can be taken in place of 
esters. However HCOCI cannot be taken because it is unstable. 


R-MgX + C,H,O-CO-R' > R-CO-R’ + C,H,O-MgX 
R-MgX + CI-CO-R' -> R-CO-R’ + MgXCI 
R-MgX + H,N-CO-R’ — R-CO-R’ + Mg(NH,)X 


Note : Formaldehyde cannot be formed from the above reaction. 
From Vicinal Glycol (Oxidation) : Carbonyl compounds are obtained on oxidation of vicinal 
alkanediols by periodic acid or lead tetraacetate 


HiOs or 


R-CH-OH 
iiis + [0] —'(6RCOOM Pb ” 2R-CHO + H,O 


R 
| 


R R 
Бон * [0] тебу 2R--0 +H,0 
R 


From Calcium or Barium salt of Carboxylic acid : When calcium salts of alkanoic acids are 
subjected to dry distillation, then carbonyl compounds are formed. The yield increases on taking 
barium, manganese and thorium salts of alkanoic acids. Formaldehyde is formed on taking calcium 
formate (R = H) and acetone is formed on taking calcium acetate (R = CH,). 


М 
I 

Са > H-C-H + CaCO, 
$ ll E 
I 
[] 


p- 


— CH, -C-CH, + CaCO, 
о 


Acetaldehyde can be formed by taking a mixture of calcium formate and calcium acetate. 


Г 
о-С-н 
ы a 


-o^ o-¢-H Sx,’ CH,CHO + HCHO + CH,COCH; + CaCO, 


From Carboxylic Acid : – When vapours of carboxylic acid are passed on mangnese oxide MnO 
at 300°C, then carbonyl compounds are formed. 


Formaldehyde is prepared from formic acid (К = К’ = Н), acetone from (К = К’ = CH,), and 
acetaldehyde from a mixture of acetic acid (R' = CH,) and formic acid (R = H). 


О 
i 
H-C-0-H 
MnO 
А —90 , H-C-H4CO, *H.O 
H-cG-g-a “Р | sitio 


| о 
о 


" 
CH,-C-0-H 
n 
* Sorc? CH,-C-CH, CO, +Н,0 
CH, -C-O-H 
| о 
о 


CH,-C-OH моо > СН,- С-Н + HO + CO, 


+ 
H- f — OH Cross product 
о 


From Alkyne (Hydroboration) :When а dialkylborane is reacted with an alkyne, then 
dialkylvinylbroane adduct is formed, which on reacting alkaline hydrogen peroxide solution forms 
a carbonyl compound. Alkanals are formed from terminal alkynes, and alkanones from nonterminal 


alkynes. 
1-АІКупе ————» Aldehyde 
Other alkynes ————> Ketone 
© | CH,—C- CH "5 (CH,—CH-CH—),B 42929" ,(CcH,—CH=CHOH] 
> CH,-CH;-CHO 
(i) ^ CH,—C-C—CH, 4, 8201, [CH,—C-CH—CH,] 
| 
OH 
П 


2-Butanone 


By the Hydrolysis of oximes and acetals : 
Carbonyl compounds are formed from hydrolysis of oximes and acetals. 


CH,CH=NOH _80 CH,CHO + NH,OH 
Acetaldoxime 

(CH;),C=NOH —*9-, (CH,),C=O + NH,OH 
Acetone-oxime 

CH,CH(OC;H;), —*59—, CH,CHO + 2C;H,OH 
Acetal 


By the Hydrolysis of gemdihalide : 
Carbonyl compounds are formed on heating alkylidene dihalides with aqueous caustic alkali solution. 


>CCl, — =" > C(OH), — 9 »C-O 
CH,CHCI, MH, _сңо , CH,-CHO 
CH,CCI,CH, —“#t, +49 , (CH,),C=O 
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METHODS OF PREPARATION ONLY FOR ALDEHYDES 


Stephen’s Method : By dissolving an alkyl cyanide in ether and reacting it with stannous chloride 
and conc. hydrochloride, aldimine chlorostannate salt is obtained. Alkanal is formed on hydrolysis 
of this salt. 


m 
R-C-N — 5 R-C-N'HCI- —— [R-CH - NH, Sna 2- 


Acid nitrile Aj dimine chioros tannate 


[R-CH-NH],SnCI, + 2H,0 + 2R- CH = О + (NH,),SnCI, 
- bd Akanal = 
Taking the example of acetonitirle (methyl cyanide) Stephen reaction can be shown expressed as follows. 


CH, - C = N +2H— S2 > CH, -CH=NH—™ CH, -CH- О 
Acetonitrie Acetaldimine Acetaldehyde 


Rosenmund Reaction : Aldehydes are formed on reduction of a carboxylic acid chloride in boiling 
xylene medium by hydrogen and palladised barium sulphate. 


sa +H: 55; el + НСІ 


Acetaldehyde is formed on taking acetyl chloride (R = CH,). Formaldehyde cannot be prepared by 
Rosenmund reaction, because HCOCL is not a stable compound, BaSO, acts as a catalyst poison and 
decreases the catalytic efficiency of Pd catalyst, due to which further reduction of acetaldehyde formed 
to primary alcohol cannot take place. 


Oxo-reaction : When a mixture of an alkene, carbon monoxide and hydrogen is passed over cobalt 
catalyst at high temperature and pressure, then alkanals are formed. Dicobalt octacarbonyl [Co.(CO),] 
can be used as a catalyst in place of cobalt. Due to addition of hydrogen and formyl group on 
unsaturated carbon atoms of alkene, this reaction is called hydroformylation. 


Co or 
CH,=CH, + CO * H, —“22Sce_, енн, 


igh 
ana pressure Н СНО 
Propanal 
HO 
CH,-CH-CH, + CO + Н, ———> CH, - CH, - CH, -CHO + CH,-CH-CH, 
n-Butyraidenyde ыш 


METHODS OF PREPARATION ONLY FOR KETONES 


From Alkyl Cyanide : Alkanones are formed on hydrolysis after reaction of an alkylmagnesium 
halide with ethyl cyanide or its higher homologue. 


R 
sc 4- я | 
R-CsN-«R-— Ме: X——»R-C =N-MgX — ZOR- P^ 
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In this reaction if we take HCN with GR., product will be aldehyde but major product will be alkane 
because HCN is an example of active H compound and with active hydrogen compound GR forms 
alkane. 


Dialkyl cadmium with acid chlorides : A ketone and an alkylcadmium chloride are formed on 
reacting a dialkylcadmium with an acid chloride. 


R-Cd-R + CI -CO-R' ———>R-CO-R’ + R-Cd Cl 
Dialkylcadmium are obtained by the reaction of cadmium chloride with a Grignard’s reagent. 
2R-Mg CI + CdCl, ———> R-Cd-R + 2MgCl, 
Oppenaur Oxidation : In order to prepare alkanone easily, Oppenauer oxidation of secondary alkanols 


is done. In this process, a secondary alkanols is refluxed with aluminum tert-butoxide in excess amount 
in acetone. Acetone is reduced to isopropyl alcohol. 


R-CHOH«CH,-CO SSAA, R-CO+CH, -CHOH 


R CH, R CH, 


PHYSICAL PROPERTIES 


(a) 
(b) 


(c) 
(d) 


(e) 


(f) 


(g) 
(h) 


(i) 


Aldehydes are colourless with pungent smell liquid while ketones are pleasant smell liquids but 
formaldehyde is gaseous in nature. 
Lower carbony] compounds are soluble in water. It is due to polarity in carbonyl group. 
Higher carbonyl compounds are insoluble in water due to more covalent character. 
Melting point & Boiling point «Molecular mass 
1 

* No. of branches 
Melting point and boiling point of carbonyl compounds are more than to corresponding alkanes due 
to dipole-dipole attraction present between molecules in carbonyl compounds. 
Reactivity of carbonyl compound is dependent on alkyl group which is linked with carbonyl group. 


se $3 


H- C.H» СН, —С<Н> CH; > CH 
po 4 Ы 
ob E EI 
40% solution of formaldehyde is known as ‘FORMALIN’ (40% HCHO, 54-56% H,O, 
4-6% methanol) 
Mixture of formaldehyde and lactose sugar is called *FORMAMINT'" which is used in medicine 


of throat infection. 
Boiling point of carbonyl compounds are as under - 


Formaldehyde 


Acetaldehyde 


Acetone 


CHEMICAL PROPERTIES 


Nucleophilic Addition Reactions 
The typical reactions of aldehydes and ketones are nucleophilic addition reactions because 

{i) the carbonyl carbon is electron deficient, since n-clectrons are pulled towards the electronegative oxygen, 
and 

(ii) this part of molecule being flat is open to relatively unhindered attack 


Z 
К+ & - d Z 
- LI , Ф: ГА H.O 
peed w= | эл teed 
Reactant Nucleophile е R OH 
(Trigonal) Transition state Product 


(Becoming tetrahedral) — (Tetrahedral) 


Note : There is a moderate steric hindrance in the transition state, that is, larger groups (R & R”) will 
tend to resist crowding than smaller groups. Aldehydes thus undergo nucleophilic addition reactions 
faster than ketones. Thus, among the compounds HCHO, CH,COCH,, and CH,CHO, the order of 
reactivity to nucleophilic addition will be HCHO > CH,CHO > CH,COCH,,. 


Reaction with Hydrogen Cyanide : ~ 


H H H 
крене бу ____әвоб-си a R-G-CN 
с" o OH 

cyanohydrin 


Note : – 
(a) Reaction takes place in presence of mild base which abstract H^ from HCN and produce CN 
ion which acts as nucleophile. 
(b) If R = H then product will be formaldehyde cyanohydrin. 
(c) Cyanohydrin is an important compound which gives the following product on hydrolysis and 
reduction. 
\_/0H 
/°CH:NH: 
fi-Amino alcohol 
\ ;он 
/*>CONH; 
ac-Hydroxy amide 
\ ;он 
/>COOH 
a -Hvdroxy acid 
)SuCh*HCl « ‚ОН 


() HOH JS CB 
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Reaction with Sodium bisulphite : 
Carbonyl compound form a white crystalline addition product with sodium bisulphite called 
Aldehyde / Ketone sodium bisulphite adduct. 


=O 


H H 
$ E | нон | 
R-C*H-S$0,Na ——> ч-на —NaHSO, / гон Cus R-C=0 


O-H OH 
white crystalline solid 


I~ 


Mechanism : The attacking nucleophile is SO,% rather than НЅО?. 
HO- + HSO, == H,O + SO,?- 

Though HSO, is present in higher concentration, SO; is a better nucleophile. 

R R k 
eae A 
R—C=0 + 0—S-0 == R—C—O- 
cP + 5 | 
SO; 50; 


Note : — 

(a) Bisulphite adduct is an important compound because it gives carbonyl compound on further 
hydrolysis. 

(b) The above reaction is used in purification of carbonyl compound. 

(c) The reaction is given by only methyl ketone & aldehyde. 


Reaction with Grignard Reagents 


dX ON © Mg X он 
H— H4 RMeX —> H-c-H 05 „щш alcohol) 
AW Qv 


OH 
I H,O | 
R—C—H *R'MgX —— xi: d —H (2° alcohol) 
R 


" 
R-C-R + К" Мех H9, R-C—R' (8° alcohol) 
oly 


Formaldehyde yields primary alcohols, higher aldehydes produce secondary alcohols, and ketones 
produce tertiary alcohols with Grignard reagents. 
Organolithium compounds also react with aldehydes and ketones in the same manner. 


wi «Ru tont 2, (он 


p. S 


CH;CH; MgCl H,O 


Example: CH, с CH, CH, adi (CH4), 


OH 
Reaction with Ammonia derivatives : 


Addition of nitrogenous nucleophile on carbonyl group takes place according to the following 
mechanism. 


i н 
| 
-С + 24-2 —э -C-N-Z 
о H OH 
Adduct 


The end product is formed by elimination of water from the adduct under appropriate energy condition. 
H 
-C-N-Z —, ENS 


-H,0 
OH 
In the above two steps, it appears that an unsaturated condensation product is formed by liberation of 
the water molecule from carbonyl group and nitrogenous nucleohile. 


“CeO RILN-Z —A——-Ca4N-AZ 
| - -H,0 


(i) With Нудгохуіатіпе : 


Mc-0-HNOH — S c-NOH 
d 2 -H,O 7 
Oxime 
(ii) With Hydrzaine : 
\ 5 \ - 
C=0 + Н.ММН. — с C=NNH- 
/ Ho 7 
Hvdrazone 
(iii) With Phenylhydrazine: 
NC-O + H.NNHC,H. ———> SC=NNHCH 
Р а= > «у ou и 
Phenvihvdruzone 


(iv) With2,4—Dinitrophenylhydrazine : 


yc-o +H;N-NH ———> Ус=х-мн 


N м». 
2.4-Dinitrophems Ihydacone 


yellow ppt 
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(v) With Semicarbazide : 


\c-o > H: NNHCONH: —— NC-NNHCONH. 
/ -H0 / 
Sermcarhavone 


On reacting a carbonyl compound with 2,4-dinitrophenylhydrazine, a yellow precipitate of 
2,4-dinitrophenylhydrazone derivative is obtained. White precipitate is obtained by the reaction with 
hydroxylamine, hydrazine phenylhdrazine and semicarbazide. The pure parent carbonyl compound can 
be obtained by hydrolysis of the above five derivatives. 


N \ 
sC=N-Z + НОН > ‚С=О + H:N-Z 


Reaction with Alcohol : In the presence of catalyst (HgO*BF,) aldehyde form acetal with alcohol 
while ketone from ketal with alcohol. 


H H 
1 ә & II2O.BF, І R'OH 
Rot eH О-В —— ———— R-C-OR 4—————R-C-OR 
e l 
OH OR’ 
hemiacetal acetal 
R 
5+ HgO ВЕ, | R'OH l 
PLE O-R = SEC aue -G-OR 
2 OH OR 
hemi ketal ketal 


Reaction with Alkane Thiol : Aldehyde form thio acetal with alkane thiol while ketone form thio ketal 
with alkane thiol. 
Ry 1  HaS-R R S-R 
M. Znc./dry НСІ Bi m ын 
k | IL. 
е lugo pose 
„ thio acetal / mercaptals 
EXE OU -R R S-R' 
St "38 ZnciJóry HCI Si icc 
R [ H 4+S-R’ R S-R' 
1----- ! thio ketal / mercaptols 


These are important compounds because they forms sulphonyl compounds on oxidation which are 


used as hypnotic drugs. 
R SR' R SO,- В 
B. ve [0] Wet re 
н—©—5к н—©—50,-к' 
sulphonal 


ROAR _ы, ЕУ 50,-А 
gg З R— SOR 
sulphose 
Aldol Condensation : In the presence of small amounts of hydroxide ions (base) two molecules 
of the carbonyl compound containing a-hydrogen atoms, give a B—hydroxy carbonyl compound. 
This reaction is normally called Aldol condensation. Aldol condensation of two identical carbonyl 
compounds is called simple aldol condensation. 


11 


Asa source of hydroxide ions, a few drops of very dilute aqueous solution of K,CO,, Na,CO,, NaOH, 
KOH, Ca(OH),, Ва(ОН), etc. are added. 


н H e H H 
| UTI low {ОН} 11 
Exam.1 сн + CH-CH-O —— CH.-C-CH-CH-0 


O H OH 
Acctaldehyde Avcectaldol 
(two moles) 


Mechanism : 
The generally accepted mechanism for base-catalysed condensation involves the following steps: 


- e 
(a) җон OH T H = + H,O 
H 


H 


H | 
lex 8 — 4CH,—C—CH,CHO £0. CH,CH CH CHO 
©) cu. c*o «Cu, сно = d = те 
OH H 
Aldol 


B-hydroxy aldehydes or ketones obtained are easily dehydrated, yielding a stable alkene in which a 
carbon-carbon double bond is conjugated with a carbon-oxygen double bond of the carbonyl group. 
А а. [-unsaturated aldehyde crotonaldehyde is formed by the elimination of a water molecule on heating 
p-hydroxy butanol (3-hydroxybutanal) 


n 
CH,-CH-CH-CH-O — —5 CH,-CH-CH-CH-O 
-Ho Crotonaldehyde 
OH H 2-Butenal 
Acetaldol ( ) 
H H 
бын o m ть qm 
CH,-C + CH-C=0 —g—> CH;-C—CH-C=0 
H 


ӧн 


О | н 
Acetone Diacetonyl alcohol 
(Two moles) (4-Hydroxy-A-methyl-2-pentanone) 
Exam. 2 
qw qu ajo 
CH;-C-CH-C-O 
Мезим oxide 
(4-Methyl-3-penten-2-one) 


9 [og m l. — e. a, (суў 
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Mechanism [=o ou^, Фр 


| 
QO фр 


Aldol condensation of two non identical carbonyl compounds is called mixed or cross aldol condensation. 
Theoretically four products can be formed from aldol condensation of the carbonyl compounds A and B. 


CH, - CHO+ CH, - CH, - CHO — — —? CH, H-CHO (Cross product) 
Actaldehyde | 
CH, 
3-Hydroxy-2-methytbutanal 


CH,CH, - CHO + СН,СНО ————9 жык шаш (Cross product) 
Pr opionakiehyde 


н 
3—Hydoxypentanal 


CH,- CHO + H- СН, - СНО ——— CH,- ? CH. - CHO (Self producti 
OH 


н 
| —- 
CH, - CH, GNE CHO ———9 CH,- CH. cH C-CHO (Self product) 


CH, OH CH, 


Intramolecular aldol condensation : It is given by dialdehydes or diketones. The diketones should 
be 2, 5; 2, 6; 2, 7; and 2, 8 diketones. Intramolecular aldol condensation offers a convenient method 
for the preparation of five & six membered rings. 2, 7 diketones gives five membered cyclic 
compound where as 2, 8-diketones gives six membered cyclic compound. 


Ex. 
о 
if T | 
сн,-Є-сн.-сн. - C- cp, S NS0H ou 
5 4 
CH; 
Mechanism- 


0 о о 


Ө 


о 
T | — oH ек | I 
CH,- C - CH, - CH, - C - CH —— 7 CH,-C-CH.-CH,- C - CH, 
| -H,O b 3 4 3 2 I 
He 
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Note : - Ifdiketones is 2, 7; 2, 8 or 2, 9 then inner a-carbon converts into carbanion in the presence 
of base. 


Ex. 
| | 
| dil. NaOH 
CH,-C-CH,-CH,-CH,-CH,-C-CH, ~x 
Product'X' is 
О 
| OH OH 
CH; о CH; о ү о 
(А) но (В) C-cu, (©) C - CH, (D) A -CH, 
CH; 
Ans. B 
Ex. 
9 
ср оҥ y 
X is- 
P 0 Q 
(A) CH (B) Cp (C) ee (D) а 
он OH OH OH 
Ans. (B) 


Cannizaro Reaction : Carbonyl compound in which о — Н atom is absent, when react with strong base 
like NaOH or KOH then forms sodium and pottasium salt of carboxylic acid and alcohol. It is an 
example of the reaction in which one mole of the compounds is reduced. Such type of reaction is called 
disproportionation reaction, also known as cannizaro reaction. In this reaction elimination of hydride ion 
takes place. In this reaction oxidation number changes from 0 to +2 and 0 to -2. 

Compounds showing cannizaro reaction are - 


о 
| 
(à 2C,H,-C-H + KOH ———> C,H,COO®K® + C,H,CH,OH 


The reaction follows the pathway given below : 
OH О 


Ше а В 


о H 
` | | 
o H Ô 

1 
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Ө o 
(b) 2H-Ç-H + NaOH —› н-С-О-Ма+н-Сн;-Он 


o о 
Сн, CH; Сн; 
(c) 2CH,-C-C-H+K-OH ———> CH; -C- C-OK + CH,- C - CH; - OH 
CHO CH,O CH, 
Note : — 
CH, 
(i) CH - CHO gives cannizaro reaction although it has one a 'H'. 
CH, 


(ii) ССІ, — CHO does not give cannizaro reaction while it has no 'а' Н. It gives haloform reaction 
(iii) Cannizaro reaction is an example of disproportionation reaction and it is also an example of 
redox reaction 

Cross Cannizaro Reaction : If two different aldehydes (a@-hydrogen less) are used then one of the 
aldehyde under goes oxidation while other aldehyde under goes reduction 


Ph - CHO * HCHO 


Conc. NaOIUA 


H-COO Na‘ + Ph- CH.OH 
Note : a-hydrogen less aldehyde having more electron deficient carbonyl carbon under goes oxidation. 


Perkin Condensation 
Aromatic aldehydes lacking a-hydrogen condense with acid anhydrides having an a-hydrogen in the 
presence of a strong base (ethoxide ion), forming unsaturated acids. 


7? 


CH Yar 
(С- YONG сунба, (Oy-ai - CHCOOH 
P Cinnamic Acid 


ш + 
CH сұ 


Oxidation : Aldehyde on oxidation forms respective acid while ketone forms less carbon carboxylic 
acid on oxidation according to popoff's rule (As discussed in Alcohol theory) 


R-G-H*IO] acidicKMnO, R-G-OH 


о О 
R- С OM + [0] = мо, ‚р. 3E- OH + СО, + H,O 
о о 


Note :— 
(a) —_‘ If oxidising agent is selenium oxide SeO, then, a—methylene group of carbonyl compound 
oxidises into—C— group and resultant dicarbonyl compound will be formed. 
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H-G-H+[O] —S:_, NO reaction 


« - methylene group is absent. 


H-CH,-c-H*«[0]—9:2 H- c- c - H 


glyoxal 
(dicarbonyl compound) 


H-CH,- c - CH, + [ 0 J H-c-c - CH, 


pyruvic aldehyde 
(methyl glyoxal) 


(b) If the oxidising agent is performic acid then aldehyde oxidises into respective acid while 
ketone oxidises into ester. The reaction is called * Baeyer-villiger Oxidation'. 
Other peroxy acid also give same product. 
eg. CH,COOOH, C,H;COOOH, MCPBA, CF,COOOH 


H 
| 

H-6-H* 9-0-C-H — H- -OH+ HCOOH 
H О 


H 
CH;-G-H + 0 -0- С - H—> CH,- С - OH + HCOOH 
H O 
CI 


***  MCPBA — meta chloro perbenzoic acid 
'O,H 
H 


CH;-¢-CH, + o-o- с. н ——> СН,-с-0-СН, + НСООН 


н O 
Reduction : Aldehyde on reduction form primary alcohol while ketone on reduction form secondary 
alcohol. 
d de t 2H —— К - CH, - OH 
R-c-R + 2H———R-cH-R 
8 H 
secondary alcohol 
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Note : 

(a) In the above reaction if reducing agent is Na + Cl 1;0H then reaction is called ‘Bouveault- Blanc 
Reaction’, 

(b) If reducing agent is NaH reaction is called *Darzen's Reaction’. We can also use LiAIH, in this 
reaction. 


(c) If reducing agent is (red P / HI) then product will be alkane. 

(d)  Ifreducing agent is Zn-Hg/conc. НСІ then product will be alkane. Reaction is called *Clemmenson- 
Reduction'. 

(e) If reducing agent is alkaline solution of hydrazine, product will be alkane. Reaction is called ‘Wolf 
- kishner Reduction'. 

(f) The percentage yield of alkane can be increased by using diethylene glycol in wolf kishner reduction 
then reaction is called 'Huang-Millan Conversion'. 


(g) If reducing agent is aluminium iso propoxide (CH, — СН ~ O-), Al, then product will be alcohol. 
CH, 
Reaction is called * Meerwein-Pondorff Verley Reduction’. 


Polymerisation Reactions : Aldehyde shows addition as well as condensation polymerisation reactions 
while ketone shows only condensation polymerisation reactions. 


ADDITION POLYMERISATION REACTION OF FORMALDEHYDE 
(a) . When aqueous solution of formaldehyde is heated then it converts into a white crystalline solid called 


*Paraformaldehyde'. 
n HCHO—— 7——(HCHO) п > 6, п < 100 
evaporabon 


paraformaldehyde 
If n s 50 Linear structure polymer 
If n > 50 Cyclic structure polymer 


(b) If formaldehyde is kept with conc. H SO; at room temperature then it forms a cyclic trimer called 
meta formaldehyde or trioxane. 


3CH,0 ——=> (СН,-0), 


сн. Mctaformaldcehs dc 
o^ No or 
| | Tnoxymethylene 
H.C CH; or 
ee od 1.3.5-Tnoxan 
о ог 
хут-Тпохап 


(с) If aqueous solution of formaldehyde is kept with lime water in dark room for 5-6 days then it converts 
into a sweet solution called FARMOSE 
It is an example of linear polymer. 
6HCHO SESS. EMO, 


dark, 5-6 days 
farmose 
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CONDENSATION POLYMERISATION REACTION OF FORMALDEHYDE 


(a) 


(b) 


(a) 


(b) 


With Ammonia :— When formaldehyde is heated with NH, then a white crystalline heterocyclic 
compound is formed called *Hexamethylene tetramine' or urotropene' or ' Aminoform'. 
N 
i 
T di on а 
N 
| cf. "el Urotropinc 


CH; 
It is used in medicine or diabities or urinary infection. 


With Phenol : — [n presence of dilute alkali formaldehyde first form o- & p- hydroxy benzyl alcohol 
with phenol which on self condensation form a cross link polymer called ‘Bakelite’. 


H OH он 
-H.O i 3 
+HCHO ә "Oy абе 
phenol formaldehyde CH, CH, 
OH OH 


Bakelite 


Bakelite is electric and thermal resistant. So, used in formation of electric appliances. Reaction is 
called *Lederer-Manasse Reaction’. 


Addition Polymerisation of Acetaldehyde : 
When acetaldehyde is kept with conc. H5SO, at room temperature then it form a cyclic trimer called 
paraldehyde. 


Room temp. 


3CH,CHO —c55so, ^ (CH,CHO), (Paraldehyde) 


Paraldehyde has nonaromatic heterocyclic structure and it is called 2,4,6-trimethyl-1,3,5-trioxan. 
ÇH, 
о? Б 
| | Paraldehyde or 2,4,6-trimethyl-1,3,5-trioxan 
DA GE 
CH; о CH; 
Paraldehyde is used as mild hypnotic. 
If acetaldehyde is kept with highly conc. НСІ at low temperature then it forms a cyclic tetramer 


called metaaldehyde. 
4CH,CHO — 2299198, (CH.CHO), 
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Metaldehyde has the following nonaromatic eight-membered heterocyclic structure. 


J 
DA 
S Sy 
о 
ES 
Soa n 
CH, 


Note : Metaldehyde is used as smokeless powder and Para aldehyde is used as a sedative while meta 
aldehyde is used as a solid fuel. 


Condensation Polymerisation of Acetaldehyde : — 
(a) Aldol condensation — Discussed earlier. 
(b) Reaction with NH, : 


H 
CH, CH OH = 
Ус=о + МН, —> ee _ но? CH; - C = NH 
H H NH: Acetaldimine 
Acctaldchyde-unmona 


Acctaldimine is formed by the elimination of water molecule on heating acetaldehyde-ammonia, which 
undergoes polymerisation to form a nonaromatic heterocylic addition trimer, name 2,4,6- 
trimethyIhexahydro-1 ,3,5—triazine trihydrate as the main product. 


Condensation Polymerisation of Acetone : 


(a) If acetone is heated with conc. H,SO, then an aromatic compound is formed called 1,3,5-trimethyl 
benzene or mesitylene. 


H; 
CH,COCH, — 1H fi 
CH, CH, 


Mesitylene 
(b) Ifacetone would be in excess in ketal condensation or catalyst (ZnCl, / dry НСІ) is used then three 
moles of acetone undergoes condensation polymerisation and form a compound called * Phorone'. 


e 
CH,-CÍO HY. CH; 
! ! CH, - = CH4 
Жр a 3 "Qe wwe 7 
CH,-C41O 1 н EL 
ВЕЗЕ : ы CH, 
CH; 


[molecular wt. of phorone = 3 mole of acetone — 2 mole of H5O ] 


Reaction with PCI, : Carbonyl compound form gemdihalide with PCI... 


gemdihalide 
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With sodium acetylide : 
CH,CHO + HC=CNa + СН; -CH-C = СН —"—› CH,-CH-C=CH 
| | 
ONa OH 


With primary amine :— 
CH,CH=0 + H NCH; —› CH,-CH=NC,H, 


Schiff's base 
(CH;),C=O + H NCH; ————> (CH,),C=NC,H, 


REACTIONS SHOWN BY ALDEHYDES ONLY 


Reducing nature of Aldehyde : Aldehyde are reducing in nature, they can reduce Tollen's reagent, Fehling 
solution and mercuric chloride solution. 

(a) Reaction with Tollen's Reagent : - Ammonical silver nitrate solution is called Tollen's reagent. 
Aldehyde reduce the tollen's reagent and form silver mirror. Aldehyde oxidises itself into carboxylic 
acid. 

AgNO, + NH,OH ——— —» [Ag(NH3)2 Á-OH 
| Hs 
2AgOH 9 А020 


(simplest reacting species) 


ш ш: иы К-С — OH + Ад} 


Note : Іп the above reaction oxidation number of Ag varies from +] to 0. 


(b) Reaction with Fehling Solution : It is the mixture of two solution called Fehling solution A and 
Fehling solution B. 
Fehling Solution A : Aqueous solution of CuSO, (blue) 
Fehling Solution B : Alkaline solution of Roschelle salt ( sodium potassium tartarate) 


(C,H,O,NaK) 
By the mixing of both solution we get a dark blue colour solution called final fehling solution. Reacting 
species of this solution is cupric oxide CuO. 


M ———R-6-0H + Cu,01 
(red ppt.) 


NOTE : Oxidation number of copper varies from +2 to +1 


(с) Reaction with Mercuric Chloride solution : Aldehyde reacts with mercuric chloride solution and 
initially form white ppt. of mercurous chloride solution, which further react with excess of aldehyde 
and form black ppt. of mercury. 


R-G-H + НОС + Hj0 ——> R-G-OH + HCI + Hg C1, (1) 
О О (White) 


R-g-H + Hg,Cl, + Н.О —— R-¢-OH + HCI + Hg(4) 
[e] (Black) 


(d) Benedict solution : 
[A-CuSO, soln, p-NaOH, Sodium citrate] 
CH,;CHO + 2CuO — ——» Cu,0 + CH,COOH 
(e) Schiffs reagent : 


Megenta dye —32:, Colourless solution —9 599, Pink colour restored 


REACTIONS SHOWN BY KETONES ONLY 


(a) Reaction with NH, : If acetone is heated with ammonia then it forms diacetone amine. 


CH, н CH;H 
CH; - Ç + NH, " H-C-(-CH; = CH ~¢ woo — CH4*H;O 
о н О NH;H 


If acetone and ammonia would be in excess then product would be tri acetone amine. If tri acetone 
amine is heated at high temperature then it converts into a hetrocyclic compound by the elimination 
of water. 


(b) Reaction with Nitrous Acid : 
Oximinoacetone is formed by liberation of a water molecule on reacting acetone with nitrous acid. 


7 MK. ; 
1 aci on. zN- 
por Н + OTN- OH E. CH, ч СНн=м-Он 
c as os UD чо I о 
oximino acetone 
(c) Bimolecular Reduction : — 


Pinacol is formed on reduction of acetone in an inert medium (like benzene) by using magnesium amal- 


gam and hydrogen. 
OH 
CH4 - C - CH Ho! CH,-C- CH; 
3 ^ 3 2H ma ^i | 
CH, -Ç - CH; “en CH, - C - СНз 


pinacol 


CARBOXYLIC ACID & IT'S DERIVATIVES 


GENERAL INTRODUCTION 


о 

| 
The organic compounds containing carboxyl ton) group are known as carboxylic acids and the 
term ‘Carboxylic’ was firstly proposed by scientist ‘Bayer’. 
Resonance hybrid structure of carboxylic acid group is 


о 0° on 
R-cA ё 
- 5, «—————9 R- \ = R c 
xe б-н O-H 
Resonance hybrid 


Classification 

On the basis ofthe group to which -COOH group is attached. 

(a) Aliphatic carboxylic acid = R- C-OH (R= Н atom or alkyl group). 
(b) Aromatic carboxylic acid = m. еа (Аг= Агу! group) 

On the basic of number of -COOH groups in their molecule. 


No. of -COOH group 


(a) Mono carboxylic acids 1 
(b) Dicarboxylic acids 2 
(c) Tricarboxylic acids 3 


General formula is C, H.,O, or C,H,,,, COOH 

Saturated and unsaturated mono carboxylic acids are also called fatty acids, because higher acids like 
palmitic acid, steric acid, oleic acid, etc. were obtained by hydrolysis of fats and oils. 

Isomerism — Chain, positional, functional group and optical. 

Hybridisation state of C in the carboxyl group in sp? 


METHOD OF PREPARATION 


By the oxidation of alcohols, aldehydes and ketones : 
(a) 1° Alcohol —2L> corresponding carboxylic acids. 


| 
R-CH,-OH + [0] coo; R-CHO—2L, R- C-OH 


(b) Aldehyde —°L, corresponding acids 


R-CH-O + [О] A "20297_, R-C-OH 


(c) Ketones —2L, mixture of acids of lesser no. of C atoms than the ketone. 
i ? 
" -— * [0] Ace Feo R- C-OH + R'-COOH 


Ex СН,-С-СН, «3[0] “=, ое a + НСООН 
HCOOH + [O0] ———> СО, + H,O 
By the hydrolysis of cyanides (nitriles) : 
Cyanides on complete hydrolysis in the presence of dilute НСІ form carboxylic acids. 


О О 
R-C=N+HOH —. (a oci] — -E-m RH,” R -&- OH + NH, 


Unstable 
From hydrolysis of acid derivatives : 


vo +H-OH —— = e -HZ 
(a) From acy] halides : 


| 
ы + HOH —— "m * HCI 
(b) From acid anhydride : 

R 


9 
`Эе+н-он—гк-Ё-он 
E. 


Note : Formic acid cannot be prepared by these two reactions (a & b) because it's corresponding formyl 
chloride and formic anhydride are unstable compounds. 


(c) From carboxylic ester (Hydrolysis of Ester) : 


„Гор + НОН —— vem + R'-OH 
Hydrolysis of ester possible in acidic medium as well as in basic medium. 


(i) Hydrolysis in acidic medium : 

d i 
sa inca +H-O-H == d NOEL 
4 
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Mechanism: 


© 
М xHj-0-H OH OH 
* ,H = Ap Фо , HO LE uu Ios. Lx. 
a Б R- pone сш: бы г> R- -0-8§ = be Tt 
0: $0-H H ÒH H н\н 
"wl 
R- ENS «—— к-С? +к'-0-н 
Ф 
o- чон 
(ii) Hydrolysis in basic medium : 
8 
/ * 
R-C-O- gp! ООН, R-C-OH+R-Ô-H 
| 577] 
о о 
Mechanisms : 
OH 
ы П бн | е ! =. HO ; = 
ш - mcm оа а а e 
о о о о 


(9) From acid amides : 


| 
oe +HOH —®Н=© › R-C-OH + NH,Cl 


By alkaline hydrolysis of alkylidyne trihalides : 


= "ү ae T 8 
eee Cen mor P яс? R -C- OH + KCI 
t 


From carboxylation of grignard's reagent : 
By passing CO, in ether Solution of Grignard's reagent 


85 6e Ө X 
R-«-MgXx + CFO —R-QZONE E R - OH + м 
О i OH 


Note : Formic acid can not be prepared by this method. 
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Note : 


Note : 


Partial decarboxylation of gem dicarboxylic acids : 


COOH 
R-n —^ R- CH, - COOH + CO, 


Formic acid is prepared from oxalic acid (laboratory method) by heating at about 110° in the presence 
of glycerol. 


мно Әна, HCOOH + CO, 


OOH 
In absence of glycerol í 2-2, CO, + CO + H,O 
OOH E а 


Carboxylation of : 
(a) Sodium alkoxides or sodium hydroxide : 


H-O Na + CO —4 57, H-COONa —2:€.., H-C-OH 


н | 
R-ONa + СО — 072 5 R-COONa —%н0, iban 


High press 
(b) Alcohols : 


R-OH + CO — 5 on i Loa 


High temp. & press 


H-OH + CO > zl 


High temp. & press 


(c) Alkenes [Koch Reaction] : 


H3PO4 


CH,=CH, + CO + H,O —ss-c nz o > СН;-СН,- С-ОН (Propanoic acid) 


CH,-CH-CH, + CO + H,O — за ue CHr-CH—CH; (2-methyl Propanoic acid) 
OOH 


Formic acid and acetic acid can not be prepared by this method. 
Oxidation of alkenes and alkynes : 


HNO, or CrO 
R- CH = CH- R' + 4[O] PTT 7 KOLO? R - COOH * R' - COOH 


CH, = СН, + 410] ——» 2HCOOH —PL, 2 СО, + 2Н,0 
CH, - CH = СН, + 4 [0] ——» СН, СООН + СО, + H,O 
R-CsC-R +3 [0] + НОН ——› R-COOH + R' СООН 


PHYSICAL PROPERTIES 


Physical State : C, to C, = Colour less pungent smelling liquids. 
C, to C, = Liquids having goat's butter like smell. 
Co to Cio, = Colourless & odourless waxy solids. 


Solubility : Up to С, Highly soluble in water 


With the increase in molecular weight of carboxylic acid, the solubility in water decreases. 
Solubility of lower members of carboxylic acids family is due to the formation ofhydrogen bond between 
—COOH group and water molecules. 


As the alkyl group increases in size in acids, the water repelling (hydrophobic) tendency of the hydrocarbon 
chain increases and it out weighs the effect of hydrogen bonding. This is why solubility decreases in 
higher members. 


Boiling point (В.Р.) : 

В.Р. of acids > В.Р. of alcohols 
Because, A carboxylic acid molecule can enter into hydrogen bonding at two different points. This leads 
to the formation of cyclic dimers in acids. This is the fact that lower acids occur as dimers in solution. 


0----- H-O 
R-cŹ Nc-R 
p rre d^ 


Melting point (M.P.) : 

M.P. of carboxylic acids do not vary smoothly from one molecule to another 

For first ten members M.P. of C,, > M.P. of Caan 
(n=1,2, 3,4,5) (n=0, 1,2,3,4) 


Reasons : In acids of even number of carbon atoms terminal -CH, and -COOH group lie on the 
opposite side of the carbon chain. 


© „COOH | | | | | 
Сн, Nch, Provide more effective packing of the molecule in the lattice. 
While in acids of odd no. of carbon atoms 


CH CH 
ci Nok SS соон Less effective packing 
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6 
CHEMICAL PROPERTIES 


Acidic Nature 


Carboxylic acids are weakly acidic (К, values are of the order 10 to 10-5) but a measurable equilibrium 
exists between acids and ions, 


R i R d 
ж `#) z 2 
| Q—H н.о | О 
x + Ht 
/° al 
R—C Ed 
он м, 


Both the acid and anion are resonance stabilised, but stabilisation is more powerful between exactly 
equivalent resonating structures of the carboxylate ion. 


Effect of Substituents onAcidity 


Electron-withdrawing groups disperse the negative charge on the carboxylateion, thereby stabilising it 
and increasing the acidity. Electron-donati ng groups intensify the negative charge, thereby destabilising 
the carboxylateion and decreasing the acidity. 


“9 о 
oé 5Ө = 
о о 
G withdraws electrons: stabilises anion, G releases electrons: destabilises 
strengthens acid anions, weakens acid. 


For example, chloroacetic acid is hundred times stronger than acetic acid. 

The effect of substituents on acidic strength of benzoic acids is the same. For example, benzoic acid is 
stronger than p-methoxybenzoic acid but weaker than p-nitrobenzoic acid. (Methoxy group is electron- 
releasing whereas nitro group is electron-withdrawing.) 


Ortho Effect 


Among isomeric substituted benzoic acids, ortho-isomer is the strongest acid irrespective of the nature 
of substituent. Example: The acidic strength among the following acids is of the order 


OOH OOH OOH 
oo б. 
> > 
осн, 


о-Мећоху OCH, 
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Carboxylic acids give following reactions : 
Due to alkyl group 

Due to acidic hydrogen 

Due to >C = O group 

Due to – OH group 

Due to - COOH group 

Special reaction of alkanoic acid 


Фла 


(1) Reactions due to alkyl group: 
Halogenation : Acids having с -H atom give this reaction. The a -H atoms are easily replaced by 
chlorine or bromine atoms, forming halogen derivatives of acids, 


H 


1 
R-C-COOH —®› R- ÇH- соон —©—› R- 
f { HCI 


Не - COOH 
| 


о-о-О 


Note : (i) The reaction is known as hell-volhard-Zelinisky (HVZ) reaction. 
(и) In the presence of phosphorus, monohalo product is formed as the main product. 
R-CH,-COOH + Br, Р-› R-CH(Br)-COOH + HBr 
(ш) Formic acid does not show HVZ reaction due to absence of alkyl group or a ~ Н atom. 


(2) Due to acidic hydrogen : 

(a) Salt Formation : Carboxylic acids form salts with metals, metal oxide, hydroxides, carbonates, 
bicarbonates and compounds showing basic nature. 

R-COONa + ; H, 

R- COONa + H,O 

2 RCOONa + H,O 

R COONa + H,O + CO, 


(В COO), Pb + СО, + HO 


R COONH, + H,O 


(R- COO), Ca + 29,0 


Note : Acids liberate CO, with NaHCO,. This reaction is used to distinguish carboxylic acid from phenol 
which does not react with NaHCO,. 
(b) Reaction with Ketene : 
R-C-OH с = СН, — R-C-O - c 
о о 
(Anhydride) 


(с) Reaction with diazomethane : 


О 


Y 
R-C-OH+ CH,N, —> В - C- OCH, +N, 
Ü Methyl ester 


Note : Diazomethane is a powerful methylating agent. So by this method methyl ester can be prepared. 


(d) Reaction with alkene and alkyne : 


2 ? 
li 
R-C-OH + CH, = CH, —*+ R-C-OCH, - CH, 


re 
ll 
R-C-OH + R- CH = CH, —> R - CH- CH, 


OCOR 
9 
R-C-OH + СН в СН ""*, CH, о 
Ш ll 
CH-O-C-R 
(3) Reaction due to (>С = О) group: 
о 
(а) R-¢-OH+4H NaBH, R - CH, - OH + H,O 
V 
RecP 
(D R-C-OH + 6HI 520050 R- CH, + 2H,0 + 3, 


(4) Reactions due to (-OH) group: 
(a) With P,O, (Dehydrations) 


(b) Esterification : 


Note : The reaction is proton-catalysed esterification. In the reaction OH comes from the acid and Н from the 
alcohol for release of H,O. 
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(с) Reaction with Phosphorus Chlorides : 


о о 
li D 
3R-C-OH«PCl ———> 3R-C-CI«H;PO; 
о 
І I 
R-C-OH«PC&, — R-C-CI«HCI «POCI, 


(d) With Thionyl Chloride : 
о 


о 
Ш i 
R-C-OH«SOCL Pyme | R-C- 


CI «HCl « SO, 1 


Note : In the reaction SO, is gas so escapes out and HCl is an acid, gets absorbed by basic pyridine and pure 
acyl chloride is left. So its is best method for preparing acyl chloride from acids. 


(e) Formation of acid Amides and Alkane Nitriles : 
о о о 


Il Il ll 
R-C-OH+NH; —5., R. C. ONH, —5— R-C-NH, —ao;? К-С № + HO 


(f) With Hydrazoic acid (Schmidt reaction) : N,H = Hydrazoic acid 
Ш 
R-C-OH«HN, — 80, R-C-N,+H,O ———» R - NH, + CO, + N, 


The reaction is a modification of “curtius reaction". 


(5) Reaction due to (-COOH) group : 


(a) _ Decarboxylation of Carboxylic Acids 
On heating carboxylic acids with soda-lime (NaOH and CaO), an alkane is obtained with one carbon 


less than the carboxylic acids. 
о 
ока 
R-C- NaOH + Сао 
» — — R-H + Na:CO: 
Alkane 
Mechanisms : 
о 
© j e 
в 4.8 —5 »R«CO Сре ЕЕ (1) 
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Note : - 

(i) Step I* is reversible but presence of CaO shift the equilibrium in the formed direction. 
СаО + CO, —> CaCO, 

(ii) Step Ist is RdS i.e. formation of carbanion 

(iii) ^ Rateofdecarboxylation is directly proportional to stability of carbanion. 


B-keto acid : B-Keto acids decarboxylate readily when heated to a temperature of 100°C — 150°C. 


i 1 
} — —CH 
R—C —CH,— COOH “со, з 
f-Keto acid 
7 COOH —— 
CH, xo. CH,COOH 
COOH “Acetic acid 
Maleic acid 


(1) B-y unsaturated carboxylic acid gives alkene on simple heating. 


| 
CH, =CH-CH-C-OH —Д> CH, = CH-cH, 
(2) CH, H-O CH;—H—O 
A А / \ =CH-CH,+ CO 
CH C-0— CH „С=О — Cn z 3 2 
CH; E ^a 
Heating effect 
a-Hydroxy acid : a-hydroxy acids on heating form lactide. Reaction takes place between two moles 
of acid. 
о 
ee nol. s -3HOH R-H "Y 
t Ea А CH-R 
You н)о— g^ o^ 
Lactide 
B-Hydroxy acid : B-hydroxy acids on heating undergo dehydration to give a, B unsaturated acids. 
OH 


R - CH - CH, - COOH—4-5 R- CH = CH - СООН + HOH 


y-and higher hydroxy acids : They form cyclic ester known as lactones. 


R-CH-(CH.,-C- 0 —HOH , 
| T A R 
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(b) Kolbe's electrolytic synthesis : 


о 
Lge À 
R-C- 
R +2 
R-C-OK * CO, (At Anode) 
ll 
о 
2K + 2Н,0 » 2KOH + H, (At Cathode) 


Action of heat or dehydrating agents on dibasic acids 


Variety of products are obtained when dicarboxylic acids are heated, The nature of product depends 
on the carbon chain length separating the two carboxylic groups. 


(1) 1, 2 and 1, 3-dibasic acids undergo decarboxylation to form monobasic acids. 


OOH КРС 
——> НСООН + СО, 
СООН | 200°C 
(a) 
CO+H,O 
COOH 
R-CHÍ -——— R - CH, ~ СООН + CO, 
(b) “соон 
1, 3-Dibasic acid Monohasic acid 
COOH 
сн, —\ e сн, соон +c, 
(с) “соон 
Malonic acid Acetic acid 


(2) 1, 4 and 1, 5-dibasic acid undergo intramolecular dehydration to give cyclic anhydrides. 


CH.-C H -C 
: Р CH, -Cx 
CH,- - єн;=єс 
о о 
Succinic acid Succinic anhydride 


(1, 4-Dibasic acid) 


i i 
:— OH A C 
Cl au LO 
C- OH G 
| | 
о 
Phthalic acid Phthalic anhydride 
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H-C-COOH H-C-Cx_ CH,-COOH А USC 
| —— || p нс — Huc К 
H- C- COOH H-C-C CH.-COOH är- 
Glutaric acid 
1. 5-Dibasic acid ой 
Maleic acid Maleic anhydride йарак Glutaric anhydride 


(3) 1, 6 and 1-7dibasic acid : These two acids undergo dehydration as well as decarboxylation to 
give cyclic ketones. 1, 6-Dibasic acids give cyclopentanone and 1, 7-dibasic acids give 
cyclohexanone. 


[9] 
но-С-(сн),-соон —2—» e! CO, + H,O 


Note : Kolbe synthesis undergoes free radical mechanism. 
(с) Hunsdiecker reaction : 


o 


I 
а К - Х + С0:7 + Арх {, 


(X = Ck or Br:) 


Note : Inthe reaction decarboxylative halogenation of the acid takes place. The reaction is useful in stepping 
down a homologus series. 


(d) Formation of carbonyl compounds [Dry distillation of calcium salt] : 


о 
R-6-0 
ГУ R 
CcCa— C =О+СаСО 
Doak 
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(e) With Manganous oxide : 


[e] ©! 
EP мо R * 
R К. ояз HO € к x^ set С=О +H,O + СО, 


(Carbonyl compounds) 
Special reaction of alkanoic acid : 


(a) Oxidation : 
— By SeO, a keto acid is formed 
— By H,0,-OH group comes at f) -C atom. 
CH, - CH, - CH, - COOH —&0:_, CH, - CH- CH; - COOH 
(Butanoic acid) e 
(3 - Hydroxy Butanoic acid) 
(b) Pyrolysis : 


CH,-C-0 —^#©*-› CH,» C50 
607“ 


(Ketene) 


SPECIAL FEATURES OF FORMIC ACID 


(a) 


(b) 
(c) 
(d) 
(e) 
(f) 
(g 


(h) 
() 


Formic acid shows acidic character due to the presence of -COOH group as well as shown reducing 
character due to the presence of -CHO group. 


„[ї LL. 


-COOH group - CHO group 


It reduces Tollen's reagent and forms silver mirror. 

It reduces mercuric chloride and forms black ppt. of mercury. 

It decolourises the pink colour of acidic KMnO, 

It forms brown ppt. of MnO, with basic KMnO, 

It converts the orange colour of acidic K,Cr,O, into green colour. 
Itreduces Fehling solution. 


Dehydration -HCOOH Se H,O+CO, 
Effect of heat : 


(a) HCOOH —*7-5 CO, +H, 


COON 
Ф)  2HCOONa —X*,2[ ° +H, 
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DISTINCTION BETWEEN FORMIC ACID AND ACETIC ACID 


БОЛ ШИШЕГЕ coon 
Decomposed on heating to give 
gives carbon monoxide and water 
and Fehling's solution 

5. | Calcium salt on heating gives Calcium salt on heating gives acetone 

il idR ad 
sodium oxalate hydrogen 
hydrogen 

gem тишн ——7 
hydrogen 

Ы оноо os RR 
solution 

bdi—  - RN 
green coloured solution 


FORMIC ACID (HCOOH) 


Note : BP of HCOOH is 100.5", for removal of water from formic acid we can use PbCO, or PbO (Litharge) 


Lab Reaction : 
quen 


Зу, HCOOH + CO, 
COOH å 


and H,S. 
2HCOOH + PbCO, —> (HCOO),Pb + СО, + H,O 
(НСОО),РЬ + H,S —9"*— 2HCOOH + PbS (PPT) 


Industrial method : 


It is prepared on large scale by reaction CO with aqueous sodium hydroxide under pressure | atm and 


473 K 


473K 


CO + NaOH —22%+HCOONa —'°-, HCOOH + NaOH 
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ACETIC ACID (CH,COOH) 


(i) 


(i) 


(ш) 


Industrial methods 


(a) From ethyne : HC = CH +H,0 X CH,CHO 
*  (Acetaldehyde) 


Magnous acetate | [О] air oxid 
CH,COOH 


(b) From ethyl alcohol 
By dehydrogenation : CHLCH,OH — € —, CH,CHO — mpe ecu; CH,COOH 


more 
1-92} 


By fermentation (Quick vinegar process) 
Acetabector b i 
H,CH,OH + О, —жокы ees” CHCOOH + H,O 


[dilute form 8 — 10% Called VINEGAR] 
From CH,OH 


CH,OH + CO —55—, CH,COOH 
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ACID DERIVATIVES 
GENERAL INTRODUCTION 


Replacement of -OH group of the -COOH group in a carboxylic acid by an atom or by any other 
functional group give rise to certain new families of compounds. These compounds are called acid 
derivatives. 


+X (X= CI, Br. 1 


R- E. x (Асу! halide) 


o 
m NV (Acid Anhydride) 


s Laos 


M M (Acid Amide) 


h m (Ester) 


Acyl chlorides are the most important acid halides. The first member of this family is acetyl chloride 
because formylchloride is unstable. 


Similarly acetic anhydride is the representative member of the acid anhydrides family, because formic 
anhydride is unstable. 


The first two members of Acid Amide family are formamide and Acctamide. Acetamide is an important 
acid amide. 


Esters have functional group isomerism with acids. 


Eis [where Z = -X, -NH,, -OCOR, -OR] 
* Order of basic character of group Z 
х-<О СОК < OR < NH, 
* Reactivity order/Rate of hydrolysis 
хок о вок ок>в 
li | t 
R-C-X > R-C-O-C-R > R- C-OR > R- C-NH, 


? 


* Order of stability 
in; > КСООК > wads > R-C-X 


Derivatives regenerate the parent acid on hydrolysis. 
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ACETYL CHLORIDE no 


Method of preparation : 
Laboratory method : 


| 

im ln + PCI, > su La + H,PO, 
sion + PCI, э ba + POCI, + HCIT 
CH,COOH + SOCI, > CH,-CO-CI + SO, + HCIT 


From Sodiumacetate : 
CH,-COONa + PCI, + CH,-CO-CI + POCI, + NaCl 
3CH,-COONa + PCI, — 3CH,-CO-CI + Na,PO, 
2CH,-COONa + POCI, — 2CH,-CO-CI + NaPO, + NaCl 
CH,-COONa + SOCI, ә CH,-CO-CI + SO, + NaCl 


Ву the reaction of sulpuryl chloride on calcium ethanoate : 
О 
ll 


CH, -C i 
>> Ca+S0,Cl, + 2CH, -C-Cl+CaSo, 
CH, d 


Physical Properties : 

(i) Colourless liquid, having pungent odour, 

(ii) Slowly soluble in water, soluble in organic solvents like CHCI, CC1,, CH,-CO-CH,, etc. 
(ii) Ргойисеѕ bilster on skin and its vapour causes irritation in eyes. 

(iv) ^ Boiling point is 51°C. 

(v) Fumes strongly in moist air. 


S4 y Reaction : If attacking reagent is nucleophile then most of the reaction of acid derivative (besides 


R- c - NH, ) take place via Sy . mechanism. Sy ap stands for nucleophilic addition elimination substitution 


reaction. 
i 1 
R-C-Z ——5 R-C-nu 
Mechanisms : 
о О Elimination of о 
| nu е | leaving grou | 
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Here 
: А = 2 
Note: nu maybe ОН , NH, 


© Ü 
= UN NE .. Rn... 
R-O ,H H,R К, R-NH,, АМН, etc. 
R 


Chemical properties : 
(1) Hydrolysis : 


о 
CH; Lass ә CH; -lL.ou no 
on alkaline hydrolysis 
о 
CH; -C-Cl+2NaOH ~ CH; -b_ona+Naci+H,0 
(2 Reduction: 


О н 
(i) сн -Ё-о+н, a> сн, -b - 0 « CI 


(Rosenmund's reduction, partial reduction) 


О 
| 
ü ^ CH,-6-Cl«4H ep СН, – CH, - OH + HCI 
(Complete reducson) 


(3) Curtius Reaction : 


| \ 
e M ——— CH, -{ -N, A ON CH, - NH, * N, * CO, 
Acetazide 


(4) Friedel Craft's reaction : 


О re 
CH; -&-сё+н-сун, —* CH, -U- Cu, +нс/ 
(Acetophenone) 


(5) With Grignard’s reagent : 
о о 
сн, -&-с+к-мох — CH, --яемос * 
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(6) Halogenation : 


[e] 
CH; Дае —=_, CI - CH; d - CI - НСІ 
Chloroacetylchloride 
(7) With Ether : 


CH, А жж -O-CH, —"*., сн,-С-ОС;Нн,+С;н,С! 
1 


(8) With Sodium Ethoxide : 

О о 
б i 
CH,-C-CI«-NaOC;H, ——* CH, -C-OC 2H, +NaCl 


(9) With Sodium Acetate : 


о О о о 
сн,-б-с! + мао-б-сн, E CH, -6-о-б-сн, « NaCl 
Aceticanhydride 


(10) Acetylation of Compounds having reactive hydrogen atom: 


ll | 
R-C-CI«H-Z > R-C-Z«HCI 


| 
H 4 NH, —— CH,-C-NH, (Acetamide) 
H + NH - CH, —— CH, - CO - NH - CH, (N-methylacetamide) 


H + МСН), — CH, - CO - М (CH), (М, N-dimethylacetamide) 


CH,-C|Cl + H+NH-CO-NH, —> CH, -CO - NH - CO - NH, (Acetylurea) 


H + NH — OH ——+ CH, – CO - NH - OH (Acethydroxamic acid) 
H + NH - NH, ——» CH, - СО ~ NH - NH, {Acetic acid hydrazide) 
H + S- CH, —— CH, - СО - S - CH, (Methytthicacetate) 


H + O - C,H, COOH (о) —— CH, - COOC,H, COOH(o) Acetyisalicylic acid or Aspirin) 


i 
н ов —> CH,-C-OR (Alkyl acetate) 
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(11) With Alkene: 


о 
1 il 


I 
CH, - C-Cl+CH, = CH, aoe CH, -C- CH; - CH; -Ci—*» CH; - C- CH- CH, 


(4 - Chlorobutanone) 


ACETIC ANHYDRIDE 


р 


[CH;-C-0- 


T 


| 
C-CH,] 


О О 


(MethytvinylKetone) 


ll | 
CH,-C-OH —°©®©9® cH,-C-0-C-CH, 


(1) Method of preparation : 
From Acetyl chloride : 


o 


[e] i] 
| | Lo 
CH, -C- CI-H-O- C- CH, > CH; -C-O-C- CH, « HCI 


rf P T? | 


CH; к cie Na- 0-5 - cH, CH, pe Se 


(Laboratory Method) 


From Acetic acid : 


о о о о 


Il | I Il 
CH, -C-OH* H- O- C- CH; —#295_, CH, -C-O-C-CH,* H,O 


By passing chlorine in a mixture of SCI, and sodium acetate : 


о о 


ll ll 
BCH,COONa + SCI, + 2Cl, — 4CH, - C-O- C - CH, + 6МаС! + Na,SO, 


From Ketene : 
H OH 
l | APO. 
CH;-C- 0 A 2020.5 H,O 
(ketene) 


CH, = C = 0 + H-O-C-CH, — CH,-C-O-C-CH, 
ll Il 
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(2) Physical Properties : 
(i) Itis colourless liquid having pungent vinegar like odour. 
(it) Boiling point is 138°C. 
(ш) Slowly soluble in cold water, but readily soluble in hot water 


(3) Chemical Properties : 


Hydrolysis : 
i Il 
Il 
CH,C - O- C - CH, + HOH —3—, 2CH,COOH 
With PCI, : 
i 
ci 
CH, -C 
з | с о 
+ Р ci —> 2CH; -C-CI + POCI, 
cH, - | Na 
Il с! 
With №,0, : 
1 
he ы. 9s /° il 
+ ^p p. — 2CH,-C-O- NO, Acetyinitrate (Explosive) 
ыз о о 
о 
With Benzene [Friedel-Craft's Reaction] : 


i ft ji 
C,H,H « CH, -C-O-C-CH, = СН; - C - CH, + CH, - COOH 
Acetophenone 
With Acetaldehyde : 
О 
ll ll 
CH, -C-O-C-CH, + CH,- CHO ——> CH,CH(OCOCH,), 
Ethylidene diacetate 
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With Dry НСІ gas: 
о о о 
I I ll 
CH, -C-O-C-CH,+ HCl —» CH, -C- CI + CH,COOH 


Reduction: 


toi 
CH,-C-O-C-CH,*8H ———> 2CH, - CH, - OH + H,O 


With Compounds having reactive H-atom : 
о 


I II ll 
CH,-C-O-C-CH, + H-Z ——^ CH,-C-Z+CH,COOH 
Acetylderivative 


Note : Products are similar as in case of Acetyl chloride. 
ACETAMIDE 
[CH,- Lig 


[e 
| | 
CH, - C - OH DER CH, - C - NH, 


(1) Method of Preparation : 
From Acetychloride : 
о о 
Il ll 
CH, - C - CI + 2NH, ——> CH,- С - NH, + NHCI 
From Acetic Acid : 
о 


T ll 
CH,-C-OH*NH, —"— CH,-C-NH,+H,0 
From acetic Anhydride : 


o 


о о 
ll I ll 
CH,-C-O-C-CH,*2H-NH, ——» 2CH,-C- 


From Ethyl Acetate : 
if | 
CH, - d - OCH, + NH, —— CH,- C - NH,* C;H,OH 
Partial hydrolysis of Acetonitrile : 


NH, + H,O 


| 
CH, - С = N + HOH —7*— CH, -C - NH, 


H;0; 


(2) 
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By thermal decomposition of Ammonium acetate : 
О 


Il Il 
CH,-C-ONH, ——. CH, - С - МН, + H,O 


Physical properties : 

(1) Itis a hygroscopic white crystalline solid. 

(п) It has faint smell in pure state, but a rat like smell in impure state. 
(ш) Itis soluble in water and alcohol, but sparingly soluble in ether. 
(iv) Melting point 82°C and boiling point is 222°C. 


Chemical properties : 


Hydrolysis : 
о 


[| 
CH, - C - NH,+ H,O + HCI ——> CH,- СООН + NH,CI 


Dehydration: ? 
3CH, - C - NH;+ P,O, 2, 3CH,CN + 2H,PO, 


о 
T 
CH,-C-NH,* РС, ——. [CH,CCI,NH,] + POCI, — заг? CH,CN + 2HCI 


о 
ll 
CH, - C - NH,* POCI, —— 3CH,CN + НРО, + 3HCI 


I 
CH, - C - NH,+ SOCI, —*-+ CH,CN + SO, + 2HCI 


Reduction : 
Reducing Agent : Metal Catalyst + H,, Na + Ethanol, LiAIH, etc. 


| 
CH, - C - NH,* 4H ———> CH,CH,OH + NH, ———» CH, - CH, NH, + H,O 


With Nitrous Acid : 
о 
CH, - c - NH,* HONO —» CH,- COOH + N, + H,O 
Amphoteric character : 


Acetamids forms salts on reacting with strong bases as well as strong acids. Therefore it behaves like a 
weak base as well as weak acid. i.e. it shows amphoteric character. 
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(0) Weak acidic behaviour : 


1 пое 
2CH, - C - NH,+ 2Na NET 2CH,-C - NH Na +H, 
li ll 
CH, - C - NH, * NaNH, —-> CH, - C - NHNa + NH, 
| ll 
CH, - C - NH, + (CH,COO}.Hg ———> CH, - C - NH - Hg - OCOCH, + CH,COOH 
Acetamidomercuriacetate 


(ii) Weak basic behaviour : 
о 

ll | eo 

CH,-C-NH,*HCl —— CH, - C - МН,СІ 

Hofmann Bromamide Reaction or Hypobromite Reaction : 
і 
СН,-С- МН, + Вг, + 4KOH — — —, CH,- NH, + K,CO, + 2KBr + 29,0 
{or NaOH) 


Note : Inthe reaction decrease of one carbon atom takes place. Therefore it can be used in descending down 
ahomologous series andit is also called Hofmann degradation. 


ETHYL ACETATE AND ACETIC ESTER 


о 
[CH;-6-OC,H,] 
i ll 
CH, - C - OH —9C25—, CH, - C - OC;H; 


(1 Methods of preparation : 
By liquid phase Esterification : 
О о 


ll | 
CH, -C-OH + HOCH, —©©'59°4 , CH. -C-OC,H; + H,O 


By vapour phase Esterification : 


9 
|! | 
CH, -C-OH + HOC,H, —22—› CH, -С-ОС;Н; + H,O 


(vapour) (vapour) 
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By Aceylation of Ethanol : 


о о 
Il | 
CH, -C-Cl + HOCH, — 29, CH, -C- OCH; + НСІ 


ll о 


Уо + HOCH, ® › CH,- C- OCH, + CH,COOH 
CH, - C еа 


Tischenko Reaction : 


H 


| 
CH,-C=0+0=C-cH, —M9 , CH,-C-0-CH,-CH, 
| rrt ! 


H о 
Ethyl acetate 
Ethylation of Silver halides : 
o о 
Il ll 
CH,-C-OAg*1-CH, | ——À CH, - С - ОС,Н, +914 


Ethanolysis of Ethanenitrile : 
li 
CH, - C = N + С.Н,ОН + H,O —— CH,-C-OCH, + NH, 


By addition of Acetic acid on Ethylene : 
o 


Il I 
CH,-C-OH*CH,- CH, — 5 CH,-C-O-CH,-CH, 


By reaction of sodium Ethoxide on Acetyl chloride : 


[e] 
| II 
CH,-C-Ci+NaOC.H, ————» CH,-C-OC,H, + NaC! 


Baever-Villiger Oxidation : 
Ethyl acetate is formed on reacting butanone with a peracid, Methyl propionate is also formed in small 
amounts. 
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О о о о 
CH,-C- CA, + CH,-6-O0H — CH,-C-OCH, + CH,-C-OH 
Peracetic acid 
о 
CH,-6- CH,-CH, *[0] —3 сң,-сң,--осн, 
Methyl propionate 


Note : (Direct approach) 


| 
(I) In Baeyer villiger oxidation *О` is inserted between - С & alkyl group. 


о 
I 
(П)  Ifalkyl groups are different then ‘O’ is inserted between -C & that alkyl group which has 
greater migratory aptitude. 
(Ш) — Orderofmigratory aptitude in Baeyer villiger Oxidation is 
CH, CH, 
H» CH,-C- > CH->-Ph>- C,H; > – СН, 
CH, CH a 
(2) Physical Properties : 
(1) Colourless, sweet smelling steamvolatile, inflammable liquid. 


(ii) Very sparingly soluble in water, but soluble in organic solvents. 
(iii) Boiling point 78°. 

(3) Chemical Properties : 
Hydrolysis : 


о 
|| H,SO, 
CH, - C - OCH, + НОН ===> CH,- COOH + C;H,OH 


o 
|| I 
CH, - C - OC;H, + NaOH ——> CH,- C - ONa + C,H,OH 


Note : In esters caustic alkalies hydrolysis is rapid and complete. Alkaline hydrolysis of esters is called 


"Saponification". 
Reduction: 


o 
il RedcP «Hi 
CH,-C-OCH, + 4H — тад» 2 CH,CH,OH 


о 
I 
CH, - C - OC,H, + 4H —Na-C#,08 , 2CH,CH,OH 
(Bouveault-Blanc reduction) 
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Ammonolysis : 
о 
CH, - 1. OC,H, + H - NH, —— CH, - J NH, + C,H,OH 
With Grignard's Reagent : 
о 
CH,-6- OCH, + R-MgX —5 cu, 6-R« ug" 
OCH, 
Note : The product will be tertiary alcohol when 2 mole of Grignard's reagent are taken. 
With Hydazine : 
о о 
си: оси знн — cH, - 6. NH NH, + C,H,OH 
Acetyl hydrazine 
With Hydroxyl Amine : 
О 


|! ll 
CH,-C- OC,H, + H-NH-OH  ——, СН, – C-NH-OH + C,H,OH 
Acetyl hydraxomic acid 


With PCI, : 
ci 
Q 
i | cl J 
CH,-C- 0 + PK ClCH, -С-С + POCI, + CH CI 
P OCOTNY NER |^ + 
‘C,H; сз 


Claisen ester Condensation 


Esters undergo SAE Reaction, when attacked by a Nu? generated by the interaction of a base 
(usually base related to the Alkoxy anion of ester) with one of the molecule of ester and this Nu? attacks 
on another molecule. The reaction over all is considered as condensation of esters known as claisen 
ester condensation. 


о о o 
| [| 
QM _› Me-C-CH,-C-OR 


| 
2Me-C-OR “Gi acidification 
( B-keto ester) 
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Mechanism: 


о - 


О 
| Oya? o ' je 
CH,-C-OR "22 Си, соок МОК) с сн. coOR 
-ROH G | 
Ө Ө Um 5 
О о о "ocu. 
e | eut 
Na | Me-C-CH-COOR «—9 Me-C-CH-C-OR | «0— Mc- C- CH.- COOR 
Acidification 
O о 


| | 
Me-C-CH, -C- OR 


Some times, when two ester groups are present within the molecule then the condensation occurs 
intramolecule then cyclization caused thus is known as Dieckmann cyclization or Dieckmann's 
condensation. 


Pyrolysis or Thermal decomposition : 


О 
ll й | 
CH,-C-O н —BM9** ,cH,.C- 


OH + CH, = CH, 


Mechanisms 
Reaction takes place via 6membered cyclic transition state 


CH, - id fes — —» CH Td wt "S 
| Do с | | occu 
о 
ЕТЕ ee 
Acidolysis : 


е) 
I ll | 
CH, - C- OC,H, + C,H,, - COOH ——+ C,H, - C- OC, + CH, - C- OH 
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(6) 


OOH OOH 
Conc H4504 
SOH 
m-Sulphobenzoic acid 


Due to the presence of a deactivating m-directing COOH group in benzoic acid, the latter does not give 
Friedel-Crafts reaction. 


Tests 


Formation of Ferric salt : 
A red-brown precipitate is obtained on adding a small amount of neutral ferric chloride solution in 
benzoic acid solution, 


Esterification : 
A sweet odour of ethyl benzoate is perceived on heating benzoic acid after adding a few drops of ethyl 
alcohol and concentrated sulphuric acid. 


Decarboxylation : 
Inflammable vapours of benzene are liberated out on heating benzoic acid after mixing it thoroughly with 
soda lime. 


Uses 


Benzoic acid is used as follows : 

As a germicide. 

Benzoic acid and its salts are used in the form of medicines. 

Sodium benzoate is used as a preservative of canned food products. 

Benzoic acid is used in the manufacture of many synthetic dyes, like aniline blue dye. 
Ethyl ester of benzoic acid (ethyl benzoate) is used as a flavouring agent. 


Pe No 


Saved /storage/emulated/0/Pictures/TouchShot/ 


= 


20170809 _000937.jpa 


* ma 


29 


BENZOIC ACID 


BENZOIC ACID (C,H,COOH) 


(1) 


(1) 


(2) 


(3) 


(4) 


Benzoic acid was first obtained by Schiele from gum benzoin. It is also present in Peru balsam and Tolu 
balsam in the form of its benzyl ester (benzyl benzoate). 

C,H,COOCH,C,H, Benzyl Benzoate 
Incombined form it is found as benzoylglycine in horse urine. 

C,H.CONHCH,COOH Benzoylglycine 


Preparation 


Oxidation of Benzyl Alcohol : 

Benzoic acid is formed on permanganate oxidation of benzyl alcohol. 

C,H,CH,OH (Benzyl alcohol) + [O] —9 C,H,CHO(Benzaldehyde) —BL, C.H ,COOH (Benzoic 
acid) 


Oxidation of Benzaldehyde : 
Oxidation of benzaldehyde takes place very readily and benzoic acid is formed. 


C,H,CHO —PL, C.H,COOH 


Oxidation of Aralkanes and Their Derivatives : 

A side chain (alkyl group or substituent alkyl group) bonded directly to the benzene ring is converted to 
a carboxyl group on oxidation. Dilute nitric acid or chromic acid or alkaline permanganate can be used 
as oxidant. 


gage 


C,H ici lL C,H,COOH 


Benzoic acid is obtained on oxidation of many compounds like aralkanes (toluene, ethylbenzene, 
n-propylbenzene, cumene, etc.) and their oxygenated derivatives (benzyl alcohol, benzaldehyde, 
acetophenone, benzophenone, etc.) halogenated derivatives (benzyl chloride, benzal chloride, 
benzotrichloride etc) nitrogenated derivatives (cyanobenzene benzamide, etc.) 


Carboxylation of Grignard’s Reagents : 
Benzoic acid is formed on hydrolysis of the product obtained by passing carbon dioxide in ethereal 
solution of phenylmagnesium bromide. 


C,H,MgBr —9:-, C, H,COOMgBr —_, C,H,COOH 


30 
(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


Carboxylation of Benzene : 
Benzoic acid is obtained on heating benzene and carbon dioxide in nitrobenzene medium in the presence 
of anhydrous aluminium chloride. 


C,H,H + CO, “8, C,H,COOH 


Alkaline Hydrolysis of Benzotrichloride : 
Benzoic acid is formed on hydrolysis of benzotrichloride by lime water in the presence of iron catalyst. 


C, H,CCI, (Benzotrichloride) 3 OH- — 22 C,H,COOH + H,O * 3 CI- 


Hydrolysis of Benzoyl Chloride : 
Benzoic acid is obtained by hydrolysis of benzoyl chloride 
C, H,COCI + HOH — ——» СНСООН + НСІ 
Benzoyl chloride is prepared by Friedel-Crafts chlororformylation of benzene, Benzoic acid is obtained 
in 60% yield by the method. 


C,H,H + c-co-ci*“3 > C,H,COCI + НСІ 
Phosgene 


Hydrolysis of Cyanobenzene : 
Benzoic acid is formed on hydrolysis of cyanobenzene i.c., benzonitrile by dilute hydrochloric acid. 
C,H.CN + 2HOH + НСІ ———> C,H.COOH + NH,CI 


Dehydroxylation of Hydroxybenzoic Acid : 
Benzoic acid is formed on dry distillation of o-, m- or p-hydroxybenzoic acid with zinc dust. The ortho 


isomer is called salicylic acid. 


HO-C,H,-COOH + Zn ————9 Н-С,Н,-СООН + ZnO 
Benzoic acd 


Decarboxylation of Phthalic Acid : 
o-Benzendicarbox ylic acid is called phthalic acid. On heating its zinc of nickel or chromium salt at 200— 
300° with water vapours, benzoic acid is formed by partial decarboxylation. 


о OOH 
C-O., _, 

eo п ——н0 + ZnO + CO, 
о 


Zinc phthalate 
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Hydrolysis of Benzoic Acid Derivatives : 
Benzoic acid is formed on hydrolysis of esters, anhydride, acid chloride and amide of benzoic acid. 

C,H,CO-Z + HOH — ——» C,H,COOH + Z-H 
Benzoyl chloride and benzoic anhydride very readily get hydrolysed by water, but with little bit more 
difficulty as compared to aliphatic acid chlorides. Hydrolysis by alkali takes place faster. 

C,H,COCI + H,O — ——»C,H,COOH + НСІ 

(C,H,CO),0 + H,O —— ——» 2C,H,COOH 
Hydrolysis of benzoic esters takes place on heating with an alkali. 

C,H,COOEt + NaOH —————» С,Н,СООМа + EtOH 
Hydrolysis of benzamide takes place on boiling with dilute acid or alkali solution. 
C,H,CONH, + H,O + НСІ ————» C,H,COOH + NH,CI 
C,H,CONH, + NaOH —— ——» C,H,COONa + NH, 

Liberation of ammonia gas on heating the solution after adding sodium hydroxide solution is the test for 
amides. 


Physical Properties 


Benzoic acid is a crystalline solid (melting point 122?) which is sparingly soluble in cold water, but readily 
soluble in hot water. It is also soluble in organic solvents like alcohol ether, etc. Its acid strength is more 
than that of the alkanoic acids due to weak negative inductive effect of phenyl group. 


Resonance in Benzoic Acid 


The COOH group present in benzoic acid is a strong electron-attracting group due to which the benzene 
ring is deactivated and rate of S, reaction decreases as compared to unsubstituted benzene. Therefore, 
the COOH group exerts a deactivating effect on the benzene ring. 


Dimerisation in Benzoic Acid due to Hydrogen Bonding : 

Benzoic acid in liquid phase (in benzene solution or in molten form) exists in the form of a dimer by 
association due to intermolecular hydrogen bonding in the same fashion as in alkanoic acids. This is the 
reason why the experimental value of the molecular weight of benzoic acid is twice the calculated value. 


oH n „== 


Nast 


Hydrogen bonded dimer of benzaic acd 
Reactions 
Benzoic acid gives the following two types of reactions. 


(A) Reactions due to COOH group 
(B) Reactions due to C,H, group 


(A) 


Reaction Due to Carboxyl Group 


With Bases : 

Many alkaline compounds form benzoate salts on reacting with benzoic acid. 
C,H,COOH + NaOH ——> C,H,COONa + H,O 
2C,H,COOH + Na,CO, — ——» 2C,H,COONa + H,O + CO, 
C,H,COOH + NaHCO, ————> C,H,COONa + H,O + CO, 


Phenol (a weak acid) does not react with sodium bicarbonate, whereas benzoic acid gives effervescence 
of CO,, although both are acidic organic compounds toward litmus. Therefore, distinction between 
phenol and carboxylic acids can be done by using NaHCO,. 

2C,H,COOH + Ca(OH), ————> (C,H,COO),Ca 

C,H,COOH + NH, — ——» C,H,COONH, 

C,H,COOH + NH,OH —— ——» C,H,COONH, + H,O 


With Alcohols : 
An alkyl benzoate is formed by esterification on heating a mixture benzoic acid and an alkanol in the 
presence of a few drops of concentrated H,SO,. 


C,H,COOH + HOR — 5, C,H,COOR + HO 


With Inorganic Chloride : 
Benzoyl chloride is formed on the reaction of benzoic acid with phosphorus pentachloride or phosphorus 
trichloride or thionyl chloride. 

C,H,COOH + PCI, ————» С,Н,СОСІ + POCI, + НСІ 

3C,H,COOH + PCI, ————> C,H,COCI + H,PO, 

C,H,COOH + SOCI, ————> C,H,COCI (Benzoyl chloride) + SO, + НСІ 


With P,O,: 
Benzoic anhydride is formed on heating benzoic acid with Р,О,. 
2C,H,COOH —20:_, (C,H,CO),0 + H,O 
Acetic anhydride also dehydrates two molecules of benzoic acid to give benzoic anhydride. 


With Ammonia: 

Benzamide is formed on heating benzoic acid with ammonia. 
C,H,COOH + NH, —— ——» [C,H,COONH,] aen C,H,CONH, 

Benzonitrile or cyanobenzne can be obtained by heating benzamide with P,O.. 
C,H,CONH, — >= C,H,CN + H,O 

With Soda Lime : 

Benzene is obtained on dry distillation of sodium salt of benzoic acid with sodalime. 
C,H,COONa + NaOH —* > C,H, + Na,CO, 


(8) 
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Dry Distillation of Calcium Salt : 
Benzophenone is obtained on dry distillation of calcium salt of benzoic acid. 


(C,H,COO),Ca —*+ C,H,COC,H, + CaCO, 


Hunsdiecker Reaction : 
Bromobenzene is formed on heating the silver salt of benzoic acid with bromine in carbon tetrachloride 
solution 

C,H,COOAg + Br, —“4-» C.H,Br + CO, + AgBr 


Reduction by Lithium Aluminium Hydride: 
Benzyl alcohol is formed on reduction of benzoic acid by lithium aluminium hydride (LiAIH,). 


C,H,COOH + 4H *“*_, C.H,CH,OH + H,O 


Reduction by Sodium and Ethanol : 
Toluene is formed on reduction of benzoic acid by sodium and ethanol. 


C,H,COOH + 6H —— C, H,CH, + 211,0 


EtOH 


Reaction Due to Aromatic Ring 


Hydrogenation by Sodium and Amy! Alcohol : 
The COOH group is not affected on reduction of benzoic acid by sodium and amy! alcohol but benzene 
ring of benzoic acid is completely hydrogenated to form Cyclohexanecarboxylic acid. 


OOH H 
Sodum + 
О + 6H added В 
Cyclohexanecarboxylic Acid 


Aromatic Electrophilic Substitution Reaction : 
Meta substitution products are formed on halogenation nitration and sulphonation of benzoic acid. 


OOH OOH 
Ож Q 


m-Chlorobenzoic acid 
OOH 
. Cow.HNOS | . FumngHNOS | 
© == Qm. 
m-nitrobenzoic 3,5-Dinitrobenzoic acid 
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LIQUID SOLUTIONS 


SOLUTION 
A homogeneous mixture of two or more pure substances whose composition may be altered within 
certain limits is termed as solution. 


<- 

a Characteristics of Solution 
(i) It is homogeneous in nature, yet retaining the properties of its constituents. 
(ii) It is made of two parts i.e. a solute and a solvent. 


Which component to take as solute and which component to take as solvent 
depends on physical state of the components. 


(ш) ^ Thecomponent which has the same physical state in pure form as the solution is 
called solvent and the other is called solute. Example, in case of solution of sugar and 
water, sugar is the solute and water is solvent. 


(iv) — If both the components have same state as the solution, the one component which is 
in excess is called solvent and the other is called solute. Example, alcohol in water, 
benzene in toluene etc. 


Types of Solution 


Mixture of gases, air. 

Water vapour in air, mist. 

Sublimation of a solid into a gas, smoke storms. 

CO, gas dissolve in water (aerated drink), soda water. 
Mixture of miscible liquids e.g. alcohol in water. 

Salt in water, sugar in water. 

Adsorption of gases over metals, hydrogen over palladium. 
Mercury in zinc, mercury in gold i.e. all amalgams. 


М. РО теу Ву DA ЖЕ с. ca, m 


Homogeneous mixture of two or more metals 


(i.e. alloys) e.g. copper In gold. zinc In copper. 


Which of the above types can never have a heterogenous mixture. 


METHODS OF EXPRESSING THE CONCENTRATION OF A SOLUTION 


'? 
~ 
+ 


(ii) 


(iv) 


There are many ways of expressing the concentration of a solution. These methods are as follows- 


Students should memories all the formulas and should be comfortable in 
converting one concentration term to another. 


Comment which of the following concentration terms are temperature dependent 


and which are temperature independent. 
) 


Mass percentage : 
It may be defined as the number of parts by mass of solute per hundred parts by mass of solution. 


For example. a 5% (by mass) solution of sugar in water means that 100 g of solution 
contain 5 g of sugar. 


Massof any component k 


100 
total mass 


Mass Percentage = 


Volume percentage : 
It may be defined as the number of parts by volume of solute per hundred parts by volume of solution. 


For example. a 25% (by volume) solution of ethyl alcohol means that 100 cm?. of 
the solution contain 25 cm? of ethyl alcohol and 75 cm? of water. 


Volume of component T 


: C лири OEC CNET ND NL DNE 
Volume percentage = тос volume of solution 


Mass fraction : 


If W , is the mass of component A and Wp the mass of component B in the solution, then the mass 
fraction of component A and B is written as 


№ 
Mass fraction of = W+ Wa 


Ww 
Mass fraction of B = Wie 


Wa 


Mole fraction 


Mole fraction may be defined as the ratio of the number of moles of one component to the total number 
of moles of all the components (i.e. solute and solvent) present in the solution. 

Let us suppose that a solution contains the components A and B and suppose that a gram of A and 
b gram of B are present in it. Let the molecular masses of A and B are M , and Mp respectively. 


a 
Then number of moles of A are given by n4 = M, 


(vi) 


b 
and number of moles of B are given by ng = &1- 
B 


Total number of moles of A and B = n, + ng 


n 
Mole fraction of A, X, = na a 
. > пв 
Mole fraction of B, Хр = 77, ng 
A 


Sum of mole fractions of all components is always one. 


ie. X, + Xp = —>— + — =] 
ok B na+ng na +g 


So if mole fraction of one component of a binary solution is known say Xp. then the mole fraction 
of X, = 1- Xy. 


It may be noted that the mole fraction is always independent of the temperature. 


Mole percent 

Mole percent is the number of moles of a component in 100 mole of the solute and solvent. 
Mole percent = Mole fraction x 100 

Example. for a solution containing 8 moles NH, and 12 moles of H,O. 


TT f = 8 mole = 
Mole fraction of NH,, Хун, gy. ey ae m. 5 


waite 


Mole percent of NH, = = х 100 = 40 mole % 


Parts per million (ppm) 


When a solute is present in trace amounts, its concentration is expressed in parts per million. It may 
be defined as the number of parts by mass of solute per million parts by mass of the solution. 


Mass of solute 


Parts per million (ppm) = x 10° 


Mass of solution 
Molarity (M) 

Molarity ofa solution is defined as the number of moles of the solute dissolved per litre of the solution. 
It is represented by capital M. Mathematically. 


Mass of the solution in gram per litre 


Molarity (M) = Molecular mass of the solute 


A solution having molarity “one” is called molar solution. 


It may be remembered that both normality as well as molarity of a solution changes 
with change in temperature. 


(viii) 


(x) 


Molality (m) - 
Molality of a solution may be defined as the number of moles of the solute dissolved in 1000 gm 
(1 kg) of the solvent. It is represented by small *m'. Mathematically 


| Mass of the solute in gram per kg of solvent 
Molality (m)= Molecular mass of thesolute 


A solution containing one mole of solute per 1000 gm of solvent (1 kg) has molality equal to one and 
is called molal solution. Molality is expressed in units of moles per kilogram (mol kg™'). 


The molality of a solution does not change with temperature. 


Normality : 
Normality of a solution is defined as the number of gram equivalent of the solute dissolved per litre 
of the solution. It is represented by N. Mathematically. 


Mass of solute in gram per litre 


Normality № = “Equivalent mass of thesolute 


A solution having normality equal to one is called “normal solution”. Such a solution contains one gram 
equivalent of solute per litre of solution. A seminormal solution contains 0.5 gram equivalent of solute. 
A decinormal solution contains 0.1 gram equivalent and a centinormal solution contains 0.01 gram 
equivalent of solute per litre of solution. 


Mass of the solution x 1000 


or Normality = c. lent mass of the solute x V 


Where V is the volume in milliliter. 


Formality (F) : 
It may be defined as the number of gram formula masses of the ionic solutes dissolved per litre of 
the solution. Mathematically 


Mass of theionic in gram per litre 


Formality (Р) = ^ Formula mass of the solute 


Commonly, the term formality is used to express the concentration of the ionic solids which do not 
exist as molecule but as network of ions. 
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Illustration 


1. A storage battery contains а solution of H,SO, 30% by weight. Find out 
(i) Molality (ii) Molarity (iii) Normality (iv) Mole fraction of H,SO, 
(Given density of solution = 1.2 gm/cm) 


Sol. 30% by weight = "Ws = 30 £m, ЕТА x 100 gm, M en - 70 zm 
100 
solutsce 12 mL 
rU _ 19 5889 
Toon 98 ы Bien 18 9. 


Пы, X1000 0.306х1000 


(i) Molality = Р 70 4.37 т 
solvers 
n,,,.Xx1000 0.306 1000 
(ii) Molarity = = M. 79 у C =3.67M 
solution 
1.2 


Wynne 1000 301000 


(ii) Normality = —""* = =7.34N 
4 Bus х аа 49х 100 
1.2 

Altematively 
Normality = n-factor x Molarity 
=2 3.67 = 7.34 
х 0.306 
Ф) ха, = ——2:— = 0.07 


Naso, *nuo = 0.306 + 3.889 


Exercise 


E In a solution mole fraction of solute is 0.2. Find out molality of solution. (Given molar mass of solute 40 
gm mole!) 
Ans. 13.89m 


2. 14.2 gm №а,50, is dissolved іп 400 mL water. Find out (i) formality (ii) Normality of solution. 
Ans. 0.25, 0.75 


SOLUBILITY OF GASES 


We are familiar that gases are completely miscible with each other. Gases also dissolve in liquids and 
solids. For example, soda-water contains carbon dioxide dissolved in water under high pressure. Oxy- 
gen is sufficiently soluble in water to allow survival of aquatic life in lakes, rivers and oceans, An example 
of dissolution of a gas іп a solid is the solubility of hydrogen gas in palladium. 
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The solubility ofa gas in a liquid is determined by several factors. In addition to the nature of the gas and 
the liquid, solubility of the gas depends on the temperature and pressure of the system. The solubility of 
a gas in a liquid is governed by Henry's Law which states that the solubility ofa gas in liquid is directly 
proportional to the pressure of the gas. 

Dalton, a contemporary of Henry, also concluded independently that the solubility ofa gas in a liquid 
solution is a function of the partial pressure of the gas. If we use the mole fraction of the gas in the solution 
as a measure of its solubility, then: 


Mole fraction of the gas in a solution is proportional to the partial pressure of the 
gas. Or, partial pressure of the gas in solution = K, x mole fraction of the gas in 
solution. Here К, is Henry's law constant or p= K, x. 


If we draw a graph between partial pressure of the gas versus mole fraction of the gas in solution, then 
we should get a plot of the type as shown in figure. 


Partial pressure of HCI /torr 


o 0.010 0.020 


Mole fraction of HCI in йз 
solution in cyclohexane 


Figure : Experimental results for the solubility of HCl gas in cyclohexane 
at 293 К. The slope of the line is the Henry's Law constant (К) 


Different gases have different K,, values at the same temperature. This suggests that 
K, is a function of the nature of the gas. 

It is obvious that the higher the value of K, at a given pressure, the lower is the 
solubility of the gas in the liquid. It has been observed that K,, value for both N, and 
O, increases with increase of temperature indicating that solubility of gases de- 
creases with increase of temperature. It is due to this reason that aquatic species are 
more comfortable in cold waters rather than warm waters. 


Henry's law finds several applications in industry and explains some biological phenomena. Notable 
among these are: 

To increase the solubility of CO, in soft drinks and soda water, the bottle is sealed under high pressure. 
To minimize the painful effects accompanying the decompression of deep sea divers, oxygen diluted with 
less soluble helium gas is used as breathing gas. 

In lungs, where oxygen is present in air with high partial pressure, haemoglobin combines with oxygen to 
form oxyhaemoglobin. In tissues where partial pressure of oxygen is low, oxyhaemoglobin releases 
oxygen for utilization in cellular activities. 


Limitations of Henry's Law : For Henry's law to be applicable 
(i) Gas should not react with solvent. 
(ii) Gas should not associate or dissociate in solution. 
(її) This law is not applicable for highly concentrated solutions. 


Illustration 


1. If N, gas is bubbled through water at 293K, how many millimoles of N, gas would dissolve in 1 litre of 
water. Assume that N, exerts a partial pressure of 0.987 bar. Given that Henry’s law constant for N, at 
293 K is 76.48 k bar. 

Sol — The solubility of gas is related to its mole fraction in the aqueous solution. The mole fraction of the gas in 
the solution is calculated by applying Henry’s law. Thus, 


_ Рх, _ 0.987 bar 


ха = =1.29x10~ 
№ K,,  76480bar 


H 
As | litre water contains 55.5 mol of it, therefore, if n represents number of moles of N, in solution, 


AME . _ „п rd 
^? nmol+55.5mol 55.5 


Thus, n = 1.29 x 105x 55.5 mol = 7.16 x 10“ mol 


1000 m mol 


— 7.16 x 10? mol x Te 


— 0.716 m mol 


Exercise 


1. Henry's law constant for oxygen and nitrogen dissolved in water at 298K are 2.0 x 10° Pa and 5.0 x 10* 
Pa, respectively. A sample of water at a temperature just above 273 K was equilibrated with air 
(20% oxygen and 80% nitrogen) at 1 atm. The dissolved gas separated from a sample of this water and 
then dried. Determine the composition of this gas. 

Ans. Amount percent of O, = 38.27%, Amount percent of N, = 61.73% 


Phase Diagram of water 

The lines represent simultaneous values of pressure and temperature at which two phases may be 
present at equilibrium. At the temperatures and pressures that lie on the line OA, liquid water and its 
vapor are at equilibrium. Along the line OB, ice and its vapor are at equilibrium, while the sets of 
temperature and pressure at which both ice and liquid water are in equilibrium lie along OC. Only at the 
pressure and temperature corresponding to the triple point (0.01°C, 4.588 torr) are ice, water and 
water vapor simultaneously present at equilibrium. The areas between the curves represent temperatures 
and pressures at which only one phase can exist. 
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Liquid 5n 
water Boiling 


760 2 
point 


Pressure (torr) 


4.588 


0.01*C 100°C 


Temperature 
Phase Diagram of Water 


VAPOUR PRESSURE OF SOLUTION AND RAOULTS LAW 


(i) Vapour Pressure 
If a sample of water in its liquid phase is placed in an empty container, some of it will vaporize to 
form gaseous of water. This change is called evaporation. We can write an equation for evaporation 
occurring spontaneously as if it were as chemical equation : 
H,0(/) > H,O(g) 
Kp Ж Pio 
where 
Kp = equilibrium constant 


Рио = vapour pressure of H,O(g) 


The pressure exerted by the vapour (molecules in the 
vapour phase) over the surface of the liquid at the 
equilibrium at given temperature is called the vapour 
pressure of the liquid. 


Phoysncal equilibrium between 
bgd z= vapours 


Is vapour pressure dependent on surface area and shape of the container? 


; 

Factors affecting vapour pressure 
(a) Temperature : Vapour pressure «x Temperature 
The temperature at which the vapour pressure of the 
liquid becomes equal to the atmospheric pressure is 
called its boiling point. 


vapour pressure —» 


temperature —> 


Can you guess what will be the equation relating vapour pressure and 
temperature. 
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(b) Nature of liquid: 


1 


The strength of intermolecular forces 
acting between molecules 


Vapour pressure of liquid = 


Forexample, ССІ, has higher vapour pressure because of the weak intermolecular forces acting between 
its molecules than water which has stronger intermolecular forces acting between water molecules of 
volatile liquid has lower boiling point than a non-volatile liquid. 


(ii) Raoult's Law for volatile solute : For a two component solution A (volatile) and B (volatile) the 
vapour pressure of solution is given by 


Vapour pressure of solution = Vapour pressure of solvent in solution + Vapour 
i pressure of solute. 
e» According to Raoult's Law partial pressure of a component is equal to its mole 
fraction in solution multiplied with partial pressure in pure state 
Thus Р, = P*AX4 
P^,— vapour pressure in pure state of A 


X4 = Mole fraction of A in solution p 
P, = Parti i i РАК Р, 
д = Partial pressure of A in solution a* Pp. > 
LI 
Total vapour pressure of solution P= P^,X4 + P'5Xg Х,=1 Х,=0 
X,=0 X,-1 


Illustration 


1. At 25°C, the vapour pressure of methyl alcohol is 96.0 torr. What is the mole fraction of CH,OH ina 
solution in which the (partial) vapor pressure of CH,OH is 23.0 torr at 25°C? 


Poron 


x 23 
Sol. CHOH = = — = ().24 
Р, uon 6 
Exercise 
1. The vapour pressure of ethanol and methanol are 44.5 mm and 88.7 mm Hg respectively. An ideal 


solution is prepared at the same temperature by mixing 60 g of ethanol with 40 g of methanol. Calculate 
total vapour pressure of the solution. 
Ans. 66.13 mmHg 


(iii) ^ Relative Lowering of Vapour Pressure : When a small amount of a non-volatile solute is added 
to the liquid (solvent). It is found that the vapour pressure of the solution is less than that of the pure 
solvent. This is due to the fact that the solute particles occupy a certain surface area and evaporation 
takes place from the surface only. The particles of the solvent will have a less tendency to change 
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into vapour i.e. the vapour pressure of the solution will be less than that of the pure solvent and it 
is termed as lowering of vapour pressure. 
Fora solution of non-volatile solute with volatile solvent. 


P=P, X, P = vapour pressure of solution 
P, = РХ, P4 = vapour pressure of solvent 
If mole fraction of solute 15 Xp, then X , = mole fraction of solvent and P4 = vapour pressure of pure 
solvent. 
X, +X, = 1 


РА = Р" (I-Xg) = Pi – РХ 


P;-P 
X a A A 
з и 


P? =P 
K (P*,—P,,) is the lowering of vapour pressure whereas | > А | is called relative lowering 
A 
of vapour pressure. 


Vapour pressure of pure solvent — Vapour pressure of solution 


N і s = 
Mole fraction of solute Vapour pressure of solvent 


HMiustration 


1. The vapour pressure of pure liquid solvent A is 0.80 atm. When a nonvolatile substance B is added to the 
solvent its vapour pressure drops to 0.60 atm. What is the mole fraction of component B in the solution? 
Ans. 0.25 


Р-Р. 0-80 – 0-60 


Хр - ла = 

Sol. B Р? 0.80 0-25 

Exercise 

1. Two liquids A and B form an ideal solution at temperature T. When the total vapour pressure above the 


solution is 400 torr, the mole fraction of A in the vapour phase is 0.40 and in the liquid phase 0.75. What 
are the vapour pressure of pure A and pure B at temperature T? 


Ans. P: = 213.33 torr, P= 960.0 torr 


г 4 The vapour pressure of pure water at 25°C is 23.76 torr. The vapour pressure ofa solution containing 
5.40 g ofa nonvolatile substance in 90.0 g water is 23.32 torr. Compute the molecular weight of the 
solute. 

Ans. 57.24 g/mol 


X What weight ofthe non-volatile solute, urea needs to be dissolved in 100 g of water, in order to decrease 
the vapour pressure of water by 25%? What will be the molality of the solution? 
Ans. 111.10, 18.52 тоја! 
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~~ So Raoult's law can also be defined as "For a solution containing non-volatile solute, 
at a particular temperature. The relative lowering of vapour pressure is equal to 
mole fraction of the solute”. 


than that of solvent, however уор pressure of solutions with volatile 


Vapour pressure of solutions having non volatile solute will always be less 
gÈ hat of pure solvent. 


solute may be more or less than 


(iv) Types of Solutions 


(a) Ideal Solution : An ideal solution may be defined as the one which obeys Raoult’s law over all 
concentration ranges at a given temperature. The total vapour pressure of an ideal solution containing 
liquids A and B is given by the following equation. 


P=P, +P, =P2X, +P2X, 


In an ideal solution of two components A and B, all attractive forces between A and B molecules or 
between A and A molecules or between B and B molecules (A-B, А-А and B-B} must be identical so 
that the escaping tendency of an A or B molecule is independent of whether it is surrounded by A 
molecules, B, molecules or varying proportions of A and B molecules. The escaping tendency of pure 
liquid A in solution remains the same. Similarly the escaping tendency of B remains the same. Liquids 
form ideal solution only when they have nearly same molecular size and related constitution so that they 
have similar molecular environment in the pure state as well as in solution. A perfect ideal solution is rare 
but many liquids form nearly ideal solution. Liquid heptane and hexane form an ideal solution because the 
interaction between a hexane molecule and another heptane molecule is the same as the interaction 
between two heptane molecules other examples of ideal solutions are: 


<*> benzene + toluene, chlorobenzene + bromobenzene; 
D ethyl bromide + ethyl iodide; n-butyl chloride + n-butyl bromide 
ethyl alcohol + methyl alcohol 


Conditions for forming ideal solution: 

Two liquids on mixing form an ideal solution only when 

both have similar structures and polarity so that they have similar molecular environment. 
2: both have similar molecular sizes. 

3. both have identical intermolecular forces. 


— 
. 


(b) Non-ideal solutions : Solutions which do not obey Raoult's law over all concentration ranges at 
constant temperature are called non-ideal solutions. 
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Distinction between ideal & non ideal solutions 


Ideal solution Non Ideal solution 


They obey Raoult's Law They do not obey Raoult's Law 


АН. = 0 => noheatis AH... + 0 => heat is absorbed 


absorbed or released during or released during dissolution 
dissolution 


АУ, = (0 — the total volume AV cing * 0 => the total volume 


пматр 
of the solution is equal to the sum of the of the solution is not equal to the sum of the 
volume of the pure liquids mixed to form volume of the pure liquids mixed to 
the solution form the solution. 
In ideal solution P, = P,°X, In non ideal solution P, +P "X, 


Components of ideal solution can be Components of non ideal solution can not be 
separated in pure form by fractional separated in pure form by fractional 
distillation distillation 


Types of non-ideal solutions 
(I) Non ideal solutions showing positive deviation 
(П)  Nonideal solutions showing negative deviation. 


(D) Non ideal solutions showing positive deviation 


Condition for forming non-ideal solution showing positive deviation from Raoult's law. 
Two liquids A and B on mixing form this type of solution when 
1. A—B attractive force should be weaker than A—A and В—В attractive forces. 


2. ‘A’ and 'B' have different shape, size and charater. 
3. ‘A’ and *B' escape easily showing higher vapour pressure than the expected value. 
Example: 
4*. acetone + ethanol acetone + CS, water * methanol; 
і water + ethanol; CCI, * toluene; ССІ, + CHCI; 
acetone + benzene; CCl, + CH,OH: cyclohexane + ethanol 


Graphical representation of vapour pressure of non-ideal solution showing positive deviation 


Vapour pressure 
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(I) Nonideal solutions showing negative deviation. 


Condition for forming non-ideal solution showing negative deviation from Raoult’s law. 


Two liquids A and B on mixing form this type of solution when 


1. A—B attractive force should be greater than A—A and B— B attractive forces. 
2. ‘A’ and 'B" have different shape, size and character 
3. Escaping tendency of both components 'A' and *B’ is lowered showing lower vapour pressure 
than expected ideally. 
Example: 
е acetone + aniline; CH,OH + CH,COOH: 
"X chloroform+ diethyl ether, acetic acid + pyridine; 
a, chloroform + benzene H,O + HNO,: 
water + HCl 
a AM, 
acetone + chloroform; ci —C— n О=С 
di cH, 


Graphical representation of vapour of non-ideal solution showing negative deviation 


V.P min 


Vapour pressure 


Distinction between non ideal solutions showing positive deviation & negative deviation 


Showing positive deviation Showing negative deviation 


AH, >0. AH, <0. 


mix 


(endothermic dissolution i.e. heat is absorbed.)| (Exothermic dissolution i.e. heat is evolved.) 


(Volume is increased after dissolution) (Volume is decreased during dissolution) 
Pa > Py’ Xy Pa? PX, Pa <р, X4: Py < Ph Xp» 
z^ р, + Pa? PAX, t PX, ^ Pa t Pa * Р.Х, + рх 


(у) Azeotropes 


The non-ideal solution showing large deviations from Raoult's law can not be purified 
р by distillation. A solution at certain composition which continues to boil at constant 
D temperature without change in the composition of the solution. 


(а) 


(b) 


(vi) 
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This mixture is called Azeotrope or Constant boiling mixture. Azeotropes are of two types: 
Azeotropes with Maximum vapour pressure and Minimum Boiling point : When liquid ina solution 
do not have great chemical affinity for each other (+ve deviation from ideality) their higher escape tendencies 
increase the vapour pressure much more than expected on the basis of Raoult’s law. In many cases, the 
deviations are so extreme as to lead to a maximum in the curve. The point of maximum vapour pressure 
means that the boiling point at this composition will be minimum and constant. 


Azcotropes with Minimum vapour pressure and Maximum Boiling Point : 

When liquids in solution show —ve deviation from ideality, their escape tendencies and hence the vapour 
pressure decreases than expected on the basis of Raoult's law. In many cases, the maximum in the 
temperature composition curve is obtained. The point of minimum vapour pressure in the curve means 
that the boiling point of this composition will be maximum and constant, 


Determination of composition in vapour phase 


Dalton's Law v/s Raoult's Law: 

The composition ofthe vapour in equilibrium with the solution can be calculated applying Daltons’ law of 
partial pressures. Let the mole fractions of vapours A and B be Y , and Ү, respectively. Let p, and p, be 
the partial pressure of vapours A and B respectively and total pressure P. 

ACA ХААХА ХХА) —» vapours (Dalton's law) 

у, = mole fraction of Ain vapour phase 

y, = mole fraction of B in vapour phase 


(Ү,+Ү,=1) 


solution (Raoult's law) 
X, = mole fraction of A in liquid phase 
X, = mole fraction of B in liquid phase 


(X,*X,71) 


From Raoult's law P= Pex, PU 
Р.=Р°Х, апа P,=P°X, 
From Dalton's law, 
Partial pressure = Mole fraction х Total pressure 


ForA Р. =y, xPP, 


РУК 
=> у, = E^ А (1) 
Similarly 

PX 
> у„= E в (2) 
Above formula is used for calculation of mole fraction of B in vapour phase 

Pxy P 
on adding X,+X,=—24 + B „| 
РА Рв 
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Above formula is used to calculate total vapour pressure when mole fractions are given їп vapoure phase 


P=PsX,+PeX, => This formula is used to calculate total pressure when mole 
fraction are given in liquid phase 


1_ya Ув 
PTP PB 
fraction are given in vapour phase 


=> This formula is used to calculate total pressure when mole 


Thus, in case of ideal solution the vapour phase is phase is richer with more volatile 
component i.e., the one having relatively greater vapour pressure. 


Illustration 


1. 


The vapour pressures of ethanol and methanol are 44.5 mm and 88.7 mm Hg respectively. An ideal 
solution is formed at the same temperature by mixing 60 g of ethanol with 40 g of methanol. Calculate the 
total vapour pressure of the solution and the mole fraction of methanol in the vapour. 


60 40 
No. of moles of C,H,OH = == 71304, No. of moles of CH,OH = == = 1.25 


xx 46 32 
‘X,’ of ethyl alcohol = = =05107 
ofethylalcohol- 120. 145 =0. 
‘Xp’ of methyl alcohol = E -tPà 9 
of methyl alcoho 13044125 “©. 
Partial pressure of ethyl alcohol = Х.Р? = 0.5107 x 44.5 22.73 mm Hg 
Partial pressure of methyl alcohol = X,.P,* = 0.4893 х 88.7= 43.40 mm Hg 
Total vapour pressure of solution = 22.73 + 43.40 = 66.13 mm Hg 
Partial pressureof CH,OH 43.40 
Mole fraction of methyl alcohol in the vapour = Total vapour pressure ` 66.13 — 0.6563 
Exercise 
1. At 90°С, the vapour pressure of toluene is 400 torr and that of o-xylene is 150 torr. What is the 
composition of the liquid mixture that boils at 90°C, when the pressure is 0.50 atm? What is the composition 
of vapour produced? 
Ans. 92 mol% toluene; 96.8 mol % toluene 
2. For an ideal binary liquid solution with Р; > Рр , which relation between X , (mole fraction of A in liquid 
phase) and Y , (mole fraction of A in vapour phase) is correct? 
Y, X4 Ya Xa 
(A) YA € Y, (B)X, > Xg ()y 7x. (Dy X. 
B B B B 
Ans. (C) 
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COLLIGATIVE PROPERTIES 


=" Тһе properties of dilute solutions containing nonvolatile solute, which depends upon 
we relative number of solute and solvent particles but do not depend upon their nature 

are called colligative properties. 

Some of the colligative properties are 

(i) Relative lowering of vapour pressure 

(ii) Elevation in boiling point 

(iii) Depression in freezing point; and’ 

(iv) Osmotic pressure. 


Factors that Affect the Colligative Property : The number of solute particles in solution. To be more 
accurate, the colligative property depends upon the fraction of solute and solvent particles in solution. 
(1) Nature of the solvent 
(2) Independent of the nature of the solute 
(3) Extent of association and dissociation of solute particles in solution. 


{i) Relative Lowering of Vapour Pressure 
As shown earlier the mathematical expression for relative lowering of vapour pressure is as follows 
ГА 
АР = P^, — Р, = lowering of vapour pressure 
P4 = vapour pressure of pure solvent 


= Xg = mole fraction of solute 


Molecular mass of non-volatile substance can be determined from relative lowering of vapour pressure 
P$ р Wa / Mp 


P? O Wa/Ma+Wp/Mpa 


For dilute solution ММ < W ,/M , and hence Wg’Mpg may be neglected in the denominator. So 


р-р Wy /Mg W M4 Wa /M4 P$ 
А А. = жс So M. - ае 
Р, Wa/Ma Wa ~ Mg B Wa РА Р, 
А 
Illustration 
1. One mole ofa non-volatile solute is dissolved іп two moles of water. The vapour pressure of the solution 
relative to that of water is 
(1) 2/3 (2) 1/3 (3) 1/2 (4) 3/2 
Eu XX P aiios 1 1 - . r Р 1 2 
Sol. — = —— = (mole fraction of solute in solution) Or =. =|l--= 3 
Р мси 1+2 3 solvent 
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Exercise 

1. The vapour pressure of water is 17.54 mm Hg at 293 К. Calculate vapour pressure of 0.5 molal 
solution ofa solute in it. 

Ans. 17.38 

2. Pressure over ideal binary liquid mixture containing 10 moles each of liquid A and B is gradually decreased 
isothermally. If P? =200 mm Hg and Рр =100 mm Hg, find the pressure at which half of the liquid is 
converted into vapour. 
(A) 150 mm Hg (B) 166.5 mm Hg (C) 133 mm Hg (D) 141.4 mm Hg 

Ans. (D) 

(ii) Elevation in Boiling Point 


The boiling points elevates when a non-volatile solute is added to a volatile solvent. Which occurs 
due to lowering of vapour pressure. 

The boiling point of a liquid may be defined as the temperature at which its vapour pressure 
becomes equal to atmospheric pressure. 


So when a non-volatile solute is added to a volatile solvent results lowering of vapour pressure and 
consequent elevation of boiling point 


where в D 
AT, = Tp- T% | Atmospheric — E/ — 

AT, = elevation in B.P. Е Pressure 

AP = lowering of V.P. 8 

Хр = mole fraction of solute 5 

К = elevation constant Ё 


T°, = boiling point of solvent : 
T, = boiling point of solution Temperature T, T 
Elevation in boiling point 


It is found that elevation of boiling point is directly proportional to the number of moles of the solute 
in given amount of the solvent(m). 

AT, x m 

AT, x Kym 


Where 'm' is the molality of solution. 
Where K, is ebullioscopic or boiling point elevation constant. When molality of the solution is equal 
to one. Then 

AT, = K, 
Hence molal elevation constant of the solvent may be defined as the elevation in its boiling point when 
one mole of non-volatile solute is dissolved per kg (1000 gm) of solvent. The unit of K, are K kg 
mol"! 

Wa 1000 


Because molality of solution m= ; 
у М" Wa 
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1000xK, x W, 
= Wa 1000 ЖИЙ... ыы 6 
Where W = mass of solvent, Wp = mass of solute, 


M un Molar mass of solvent, Mg — Molar mass of solute. 


Determination of K, of solvent : 


»* 6 RT? 


і Koa 
D OTOL, сз (3) 


where R is molar gas constant, T, is the boiling point of the solvent on Kelvin scale and L, the latent heat 
of vaporization of solvent in calories per gram. 
2x(373y 


; Ku 20515 K-kef 
For water * = 10002540 K-kg/mol 


If energy is taken in joule then use R = 8.314 JK" mole" 
Energy is taken in calorie then use В = 2 cal К! mole” 


Illustration 


1. An aqueous solution of glucose boils at 100.01?C. The molal elevation constant for water is 
0.5 K mol! Kg. The number of molecules of glucose in the solution containing 100 р of water is 


(A) 6.023 x 1023 (B) 6.023 x 1022 (С) 12.046 x 1029 (D) 12.046 x 1023 
Ans. (C) 


Sol.  AT,-K,.m Or m= =—— = .02 mole Kg" of water 


So, the number of moles of glucose in 100 g of water 


_ 0.02100 


1000 = 0.002 moles of glucose = 0.002 x 6.023 x 10? = 2 x 6.023 х 102% 


Exercise 


1. Estimate the boiling point of a solution of 25.0g of urea NH,CONH, plus 25.0g of thiourea NH,CSNH, 
in 500g of chloroform, СНСІ,. The boiling point of pure chloroform is 61.2°C, К, of chloroform = 3.63 


Km'. 
Ans. 66.645°С 
2. Calculate the molal elevation constant, K, for water and the boiling point of 0.1 molal urea solution. 


Latent heat of vaporisation of water is 9.72 kcal mol"! at 373.15 К. 
Ans. K,=0.512kg mol K !, T, = 373.20 К 
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(iii) ^ Depression in Freezing Point 
The freezing point of a pure liquid is fixed. Ifa non-volatile solute is dissolved in a liquid the freezing 
point of the solution is lowered. The freezing point is that temperature at which the solvent has the 
same vapour pressure in two phases liquid solution and solid solvent. Since the solvent vapour pressure 
in solution is depressed. Its vapour pressure will become equal to that of the solid solvent at a lower 
temperature 
AT, = T*c- Т, 

It is found that depression in freezing point is directly proportional to the number of moles of the solute 
in given amount of the solvent(m). 


Hence AT, с m 
Where m = molality of the solution. = 
Ё | 
Š 
K,= molal depression constant $ | 
When molarity (m) of the solution is one. then = = 
A т = Ky — Temperature 


Hence molal depression constant or molal cryoscopic constant may be defined as “the depression in 
freezing point when one mole of non-volatile solute is dissolved per kilogram (1000 gm) of solvent” 
and molar depression constant is defined as “the depression in freezing point when one mole of non- 
volatile solute is dissolved per litre (1000 ml) of solvent.” 

The molecular mass of the non-volatile solute may be calculated by the use of following mathematical 


equation 
_ Kx Wg х1000 
Мв y Wa x AT, 
Where №, = mass of solvent, Wp = mass of solute, 


M <= Molar mass of solvent, Mg = Molar mass of solute. 


Determination of K, of solvent 
К, is characteristic ofa particular solvent and can be calculated from the thermodynamical relationship. 


qM 2 
E" ЯР: и 
ооё т 


where T, is the freezing point of solvent in absolute scale and L, the latent heat of fusion in calories per 
gram of the solvent. For water, 


0.002 x (273)? 
K, = оозын. =1.86 K-kg/mole 


If energy is taken in joule then use R = 8.314 ЈК! mole? 
Energy is taken in calorie then use R = 2 cal К! mole 
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Ky, , Кү for various Solvents 


Solvent B.P. 
Acetic acid 118.1°C 


Benzene 80.2°C 
Water 100°C 


Antifreeze solutions - 
х^ Water is used in radiators of vehicles as cooling liquid. If the vehicle is to be used 
ey, at high altitudes where temperature is sub-zero. water would freeze in radiators. 
To avoid this problem. a solution of ethylene glycol in water is used in radiators 
which will lower the freezing point lower than zero. 


Illustration 


iM What is the percent by mass of iodine needed to reduce the freezing point of benzene to 3.5°C? The 
freezing point and cryoscopic constant of pure benzene are 5.5°С and 5.12 K/m respectively. 
Sol AT,-T?-T,-K.m 
5.5°C – 3.5°С = 5.12x m 
m= E. = 0.39 molal 
5.12 
-. Mass of iodine needed for 1000р of benzene = m x molecular mass of iodine І, 
= 0.39 mol/kg х 254 g/mol = 99.06 g/kg 
<- 1000g + 99.06g solution contains 99.06g L, 
99.062 x100 — 
1099,06g 


9.01% 


100g solution contains 


Exercise 


1. The elements X and Y form compounds having molecular formula XY, and XY ,. When dissolved in 20 gm 
of benzene, | gm XY, lowers the freezing point by 2.3°, whereas 1 gm of XY , lowers the freezing point 
by 1.3°C. The molal depression constant for benzene is 5.1. Calculate the atomic masses of X and Y. 
Ans х= 25.6,у = 42.6 


2. Calculate the amount of ice that will separate out of cooling а solution containing 50g of ethylene glycol 
in 200 g water to –9.3°С. (К, for water = 1.86 K mol"! kg) 
Ans 381g 


(ivy Osmotic Pressure 
(a) Osmosis : Spontaneous flow of solvent molecules through a semipermeable membrane from a 
pure solvent to the solution (or from a dilute solution to a concentrated solution) is termed as osmosis. 
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Semi 
pormadle 
membrane 


(b) Osmotic Pressure : 


When a solution is separated from the pure solvent with the help ofa semipermeable membrane. There 
occurs the flow of solvent molecules from the pure solvent to the solution side. The flow of solvent 
molecules from a region of higher concentration of solvent to the region of lower concentration of solvent 
is termed as the phenomenon of osmosis. This also happens when two solution of different concentra- 
tions are separated by a semipermeable membrane. 


Asa result of osmosis a pressure is developed which is termed as osmotic pressure. It is defined in 

various methods. 

(1) Тһе excess hydrostatic pressure which builds up as a result of osmosis is called osmotic 
pressure. 

(2) . Theexcess pressure that must be applied to the solution side to prevent the passage of solvent 
into it through a semipermeable membrane. 

(3 | Osmotic pressure of a solution is equal to the negative pressure which must be applied to the 
solvent in order to just stop the osmosis. 

(4) . Theosmotic pressure ofa solution may be defined as the extra pressure which should be applied 
to the solution to increase the *chemical potential of solvent in solution equal to the chemical 
potential of the pure solvent at the same temperature. 


(c) Theory of Dilute Solutions : The osmotic pressure of a dilute solution was the same as the solute 
would have exerted if it were a gas at the same temperature as of the solution and occupied a volume 
equal to that of the solution. This generalization is known as Van’t Hoff theory of dilute solutions. 


The osmotic pressure is a colligative property. So the osmotic pressure is related to the number of 
moles of the solute by the following relation 


zV- nRT 

E P К. m 
m= КТ б, С) 
z = CRT 


Here C = concentration of solution in moles per litre; 
R = solution constant; 

T = temperature in Kelvin degree; 

n = number of moles of solute; and 

V = volume of solution. 

This equation is called Уап“ Hoff^s equation. 
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(d) Determination of molecular mass from. osmotic pressure : The molecular mass of a substance 
i.e. solute can be calculated by applying the following formula 


_ WRT 
М = V 


Accurate molecular mass will only be obtained under following conditions 

(1) The solute must be non-volatile; 

(ii) The solution must be dilute; and 

(iii) The solute should not undergo dissociation or association in the solution. 


Solution constant R - The solution constant R has the same significance and value as the gas constant. 
ic. 
R = 0.0821 litre-atm K^! mol! 

= 8.314 X 107 erg K^!mor'! 

= 8.314 JK"! mot! 

= 8.314 Nm K^! mor! 


(e) Type of solutions : 


(I) Isotonic solution : The two solutions having equal osmotic pressure are 
termed as isotonic solution. 


(ТТ) Hypertonic solution : A solution having higher osmotic pressure than some 
other solution is said to be called hypertonic solution. 


(III) Hypotonic solution : A solution having a lower osmotic pressure relative 
to some other solution is called hypotonic solution. 


(f) Semipermeable membrane : 


A membrane which allows the passage of solvent molecules but not that of solute. When a solution 
is separated from the solvent by it is known as semipermeable membrane. 


Some example of it are as follows 

(a) Copper ferrocyanide Cu;[Fe(CN), ]; 
(b) Calcium phosphate membrane; and 
(c) Phenol saturated with water. 


(g) Reverse Osmosis : 

Ifa pressure greater than the osmotic pressure is applied on the concentrated solution, the solvent starts 
to flow from concentrated solution to dilute solution (or pure solvent). This is reverse osmosis. One of its 
chief uses is desalination of sea water to get pure drinking water. 
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Illustration 


Ans, 
Sol. 


The solute ‘A’ is a ternary electrolyte and solute *B' is a non-electrolyte. If 0.1 M solution of solute ‘B° 
produces an osmotic pressure of 2P, then 0.05 M solution of A at the same temperature will produce an 


osmotic pressure equal to 
(A)P (B) LSP (C)2P (D)3P 
(D) 


For ternary electrolyte, osmotic pressure = (0.05 x 3) (R) (T) 


0.1 
Osmotic pressure of B = 2P = (0.1) (К) (T) or P= у. RT 


P=0.05 RT 
Since temperature is the same, comparing the two equations, we obtain 
the osmotic pressure of ternary electrolyte = 3P 


2. The osmotic pressure of blood is 7.65 atm. at 310 K. An aqueous solution of glucose which is isotonic 
with blood has the percentage (wt./volume) 
(А) 5.41 (B) 3.54 (C) 4.53 (D) 53.4 
Ans. (A) 
Sol Since glucose and blood are isotonic, the osmotic pressures are the same. Therefore, 
T кове = лыо 
Ww 
Or 7.65xV= 180^ 0.0821х310 [w = amount of glucose present in V litres of solution] 
w 
Or 7.65x180= v x 0.0821 x 310 
О W Ox oii Lo 5.41% 
" ж DORR: | Re ee 
Exercise 
1. А 250 mL water solution containing 48.0 g of sucrose, C,,H,,O, ,, at 300 К is separated from pure 
water by means of a semipermeable membrane. What pressure must be applied above the solution in 
order to just prevent osmosis? 
Ans. 13.8atm 
2. А 5% solution (w/v) of cane-sugar (Mol. weight = 342) is isotonic with 0.877%(w/v) of urea solution. 
Find molecular weight of urea. 
Ans. 59.99 
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ABNORMAL MOLECULAR MASSES 


(i) 


(ii) 


Vapour pressure lowering, boiling point elevation, freezing point depression and osmotic pressure are 
colligative properties which depend upon the fraction of solute and solvent particles in solution and not 
upon the chemical nature of the solute. If solute molecules dissociates in solution, there are more particles 
in solution and therefore, lowering of vapour pressure shows an increased effect. 


NaCl, = Na. *Cl. 


(5) Iq 
If the solute molecules associates in solution, there are less particles in solution, and therefore lowering of 
vapour pressure shows a decreased effect. 


ПАВ < (AB), 
2C,H,COOH <= (C,H,COOH), 


The molecular mass of a solute is inversely proportional to its molality : 

If colligative molality is 2 m, the calculated molecular mass is one-half of the actual molecular mass of the 
solute. If colligative molality is 3 m, the calculated molecular mass is one third of the actual molecular 
mass of the solute. The molecular mass of benzoic acid is 122 g/mol. But the molecular mass of benzoic 
acid dissolved in benzene is found to be 244 g/mol by using a colligative property. Benzoic acid associates 
to form a dimer and therefore its colligative molality is one-half of the molality of benzoic acid. As 
molecular mass ofa solute is inversely proportional to molality, the molecular mass of benzoic acid 
determined using a colligative property is double the actual molecular mass of benzoic acid. We can 
summarize the results as: 


The extent of dissociation and colligative property : 

A solute dissociates completely or partially in solution makes available more particles than would otherwise 
be present in solution and therefore, a colligative property shows an increased effect. For example, 
molecular masses obtained of strong acids, bases and salts are much less than their normal values. As an 
example, one particle of potassium chloride on dissociation in water gives two particles, K* and СІ and 
therefore, the molecular mass obtained by a colligative property is half of its normal molecular mass. 


E Cla + nH,O——*K;,,,* CI, 


ae IL ILU 
Lmol E 

The extent of association and colligative property: 
A solute that associates in solution provides less particles that would otherwise be present in solution and 
therefore, the colligative property shows the decreased effect. For example, benzoic acid in benzene is 
found to have molecular mass which isjusttwice its normal molecular mass. 
Itis found that compounds which are capable of forming hydrogen bonds, e.g., phenols, carboxylic aids, 
alcohols: because of association show decreased effect of colligative property. 


; 7 
ne. у= 
O---H—O 
А dimer of benzoic acid 
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VAN'T HOFF FACTOR 


(üi) 


In 1886, Van't Hoff, Jacobus Henricus (Dutch chemist, 1859,-1911) introduced a factor “i” known as 
Van't Hoff factor to express the extent to association or dissociation of a solute in solution. It can be 
calculated as: 


. number of solute particles actually present in solution 
in number of solute particles dissolved 


Observed colligative property observed molality потта! molecular weight of solute 


where C is molarity of the solution. 
Note: For non-electrolytes; i= | 


For electrolytes; — i» 1(Ifsolute particles undergo Dissociation in the solution) 
i< 1 (Ifsolute particles undergo Association in the solution) 


Application of Van't Hoff Factor : 


(a) Calculation of Degree of Dissociation of solute particles: 


A, — ПА 
No. of moles dissolved 1 mol 0 
No. of moles after dissociation l-g na 


Total number of moles present in solution = (1 ~ а) + по 


Moles of solute actually present in solution 


№; ' 4 i = - 
an't Hoff factor, Moles of solute dissolved 


= Untan PP ЧМ or "Ea! 

1 n-1 

(b) Calculation of Degree of Association of solute particles: 
Let n moles of the solute, A, associate to form (A) . If o is the degree of association. 


nA = A. 
No. of moles dissolved 1 mol 0 
No. of moles after dissociation l-a an 
Total number of moles present in solution ={1-а)+а/п 
У 1 1—1 п 
= 1 -— l ког =— ={i- 
1 | af 3) Hence a : (1 n 
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Illustration 

1. Molal elevation constant K, for water is 0.52 K/m. 0.1 molal solution of NaCl will boil at 
(A) 100.52°C (В) 100.052°С (C) 101.04*C (D) 100.104*C 

Ans. (D) 

Sol.  IfvantHofffactoris i, then 
AT, =i K,.m (for NaCl i = 2) 

=? x 0.52 . 0.1 = 0.104. 
And, so the boiling point of solution will be 100.104°C. 

2, A solution is prepared by dissolving 26.32 of CdSO, in 1000р water. The depression in freezing point of 
solution was found to be 0.284K. Calculate the Van't Hoff factor. The cryoscopic constant of water is 
1.86К kg solvent mol '- solute. 

Ans. 1.21 

Sol Molecular mass CdSO, = 112.4 +32 + 4 x 16 = 208.4 g/mol 

f Mass CdSO, 
Molality CdSO, = Molecular mass CdSO 4 х Mass solvent in kg 

263g 
— EUER 7 TEC E 0.2 16m 
208.4g / mol)x k 
ке) (ooo e) 

' T. AT, _ 0.284K 
AT,-iKm or "y m 1.86K/mx0.126m ^ !-24 

Exercise 

1. A decimolar solution of potassium ferrocyanide is 50% dissociated at 300K. Calculate the osmotic 
pressure of the solution.(R=8.314 JK^! mol") 

Ans. 7.482 «10° Nm? 

2. A 1.2% solution (w/v) of NaCl is isotonic with 7.2% solution (w/v) of glucose. Calculate degree of 
ionization and Van't Hoff factor of NaCl. 

Ans. 0.95; 1.95 

3. А 0.001 molal solution of a complex [MA,] in water has the freezing point of -0.0054°C. Assuming 
100% ionization of the complex salt and K, for H,O = 1.86 k.m ', write the correct representation for 
the complex. 

(A) [MA,] (В) [МАЈА (C*) [MA ЈА, (D) [MA,]A, 

Ans. (С) 
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Solubility of gases 
(i) Effect of temperature 
(ii) Effect of pressure 


THE ATLAS 


Liquid Solutions 


1. Vapour Pressure 

2. Raoult's law 

(1) When volatile solute 
is added 

(a) When solute and solvent; 
both are miscible 

(b) When both are immiscible 


(11) When non-volatile solute 
is added. 


3. Condensation of vapours of 
solution 


4, [deal and non-ideal solutions 


5. Azeotropic mixtures 


Colligative properties (C.P.) 
1. Introduction 
2. The various C.P. 
(i) Lowering of V.P. 
(a) Determination of molar masses 
(b) It's measurement 
(ii) Boiling point elevation 
(iii) Depression in freezing point 
(iv) Osmotic pressure 
(a) Osmosis 
(b) Reverse osmosis 
(c) Isotonic solution 


3. Van't Haff factor; Where the solute 
associates or dissociates in solution. 
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SOLVED EXAMPLES 


OBJECTIVE 


Q.1 


Ans. 


Sol. 


Q.2 


Ans, 
Sol. 


214.2 gram of sugar syrup contains 34.2 gram of sugar. Calculate (i) molality of the solution and (ii) mole 
fraction of the sugar in the syrup — 


(A) 0.555m, 0.0099 (B)0.455m,0.0110 (С)0.355т, 0.0199 (0) None ofthese 
(A) 


(i) Mass of sugar = 34.2 gram. Number of moles of sugar = ч pore = 32" 0.1 


Mass of water = (214.2 — 34. 2) = 180 gram or 120. kg 


об 


180 
Number of moles of water = a 10 


No. of moles of sugar 0.1 1 
Molality = “Mass of water inkg ^ 180 Х 1000 = 0.555 m 


(i) Total no. of moles = 10.0 + 0.1 = 10.1 


No. of moles of sugar 0.1 
Total number of moles ^ 10.1 


Mole fraction of sugar = 


Calculate the amount of oxalic acid (H,C,O,. 2H,O) required to obtain 250 ml of semimolar solution. 
(А) 15.75 ¢ (В) 1.575 р (С) 157.5 р (0) None 

(А) 

Molarity of solution = 0.5 M 

Volume of solution = 250 ml 


. milli mole oxalic acid = M x V (ml) = ; x250 or М х1000=0,5х250 


_ 250 x126 


15 gram of methyl alcohol is dissolved in 35 gram of water. What is the mass percentage of methyl 
alcohol in solution? 


(A) 30% (B) 50% (C) 70% (D) 75% 
(A) 
Total mass of solution = (15 + 35) gram = 50 gram 


Mass of methyl alcohol 


mass percentage of methyl alcohol = — Mass of solution 


1 
x 100= 22 x 100=30% 
1.82 a metal required 32.5 mL of N HCl to dissolve it. What is equivalent weight for metal? 
(A) 65 (B) 75 (C) 56 (0)90 
(С) 


Ans. 


Sol. 


Мед. of metal = Мед. of HCI or u x1000-732.5x1 


Е = 56 


The vapour pressure of pure liquid *A’ at 310°C is 120 torr. The vapour pressure of this liquid in solution 
with liquid B is 72 torr. Calculate the mole fraction of ‘A’ in solution if the mixture obeys Raoult's law. 


(A) 0.06 (B)0.9 (C) 0.3 (D)0.6 

(D) 

Given is vapour pressure of pure component * A", P^, = 120 torr 

Partial pressure of A, P, — 72 torr 

Suppose its mole fraction is solution is X4, then according to Raoult's law. 
PA=P°A.xA 


72 


72=120xxA or ХА = 155 = 0.6 


The degree of dissociation of Ca(NO,), in dilute aqueous solution containing 7.0 gof salt рег 100.0 р of 
water at 100°C is 70%. If the vapour pressure of water at 100°C is 760 mm Hg, the vapour pressure of 
the solution is 

(A) 748.3 mm Hg (B) 1492.6 mm Hg (C) 373.2 mm Hg (D) 74.03 mm Hg 

(A) 


7 
Moles of Ca(NO,), = 168 present in 100.0 g of water 
Since dissociation is 70%, the total number of particles 


— x0.7x3-0.0875-n 
168 


100 
Also, moles of solvent = 18 =5.55=N 


Applying Raoults law 
PE 5s. = n 
p? n*N 
& 760-p 0.087 
j 760 0.087+5.55 
0.087 
ая ——~ | = 760[0.0154] =11.704 
Or  760-p- 760 E [ ] 


Or p=760—11.704=748.2 mm Hg 
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Q.7 The vapour pressure ofa solvent is 20 torr whereas that ofits dilute solution is 17 torr. The mole fraction 
of the solvent is 
(A) 0.6 (B) 0.4 (C) 0.85 (D) 0.7 

Ans. (С) 


Sol. Vapour pressure of solvent p° = 20 torr and vapour pressure of solution p, = 17 torr. 


о 


Рр. ; 
Therefore, E = mole fraction of solute 


20-17 


Or 20 


= 0.15 = mole fraction of solute 


Mole fraction of solvent = 1 — 0.15 = 0.85 


Q.8 — Methylalcohol and ethyl alcohol have vapour pressure equal to 88.5 mm and 42.0 mm respectively at 
45°C. If 16.0 g of methanol and 46.0 g of ethanol are mixed at 45°C, the mole fraction of methanol in the 
vapour is.......(the mixture may be taken as ideal solution). 

(A) 0.467 (B) 0.502 (C) 0.513 (D)0.556 

Ans. (C) 

Sol Foran ideal solution, obeying Raoult's law, the vapour pressure of mixture 


"TET. d ED a 
mixture methanol methanol ethanol cthanol 


= 16/32 |... 46/46 
Or Poss ue С шн "16 46 
32 % 32 46 


= 88.5х9Э+42.0х—_ = 57.44mm 
1.5 1.5 


Pmi xture 


The mole fraction of any constituent ‘i’ in vapour phase is 


р; ‚ vap.pressureof the constituent in solution 
a eee 
Рош! Total уар. pressure of solution 


BA =з», n feas 
Ры 16/32+46/46 


Ог the mole fraction of methanol in vapour phase = 29.47 / 57.44 = 0.5130 


Q.9 


Ans. 
Sol. 


Q.10 


Ans. 
Sol. 


оп 


Ans. 
Sol. 


Q.12 


Ans. 


The vapour pressure of benzene at 80?C is lowered by 10 mm when 2.0 g of a non-volatile substance is 
dissolved in 78 g of benzene. The vapour pressure of pure benzene at 80*C is 750 mm. The molar mass 
of the non-volatile substance is 

(A)150 (B) 1050 (C) 1500 (D)1550 

(A) 

If P^ is the vapour pressure of pure benzene and P the vapour pressure of solution, w the weight of non- 
volatile substance of molecular mass *m' and w the weight of solvent benzene with molecular mass M, 


Pp-F. wim wM адаа 
pe = WM УМ Wm substituting the values 


10 2x78 
750 78x m 


0.0133 = 78x m 
156 


-——— = 150.37 ~ 150 
78 x 0.0133 


Or m 


Calculate the molal elevation constant of water evaporates at 100°C with the absorption of 536 calories 
pergm (R-2cals) 

(A) 0.519°C (B) 0.0519°C (C) 1.519°C (D) 2.519*C 

(A) 

Molal elevation constant of the solvent. 


RT 2х373х373 


Къ = 71000 ^ 536x1000 = 0-519"C 


0.15g ofa substance dissolved in 15g of solvent boiled at a temperature higher by 0.216°C than that of 
the pure solvent. Calculate the molecular weight of the substance. Molal elevation constant for the 
solvent is 2.16°C. 
(A)216 (B) 100 (C) 178 (D) None of these 
(B) 
Here it is given that 

w = 0.15 g, AT, = 0.216°C 

W= 15 ¢K,=2.16°C п? 


FUR : - _ 1000x K, xw _ 1000x2.16x0.15 
Substituting values in the expression, m = АТ, xW m--—79216«15 7100 


If latent heat of fusion of ice is 80 cals per g at 0°C, calculate molal depression constant for water. 
(A) 18.63 (B) 186.3 (C) 1.863 (D) 0.1863 
(C) 


Sol. 


Q.13 


Ans. 
Sol. 


Q.14 


Ans. 
Sol. 
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BH 


RT? 
Кє= Topor, Here R =2 cals, T7 0. 273 - 273 K, I= 80 cals 
2x 273 x273 


Kr- 71000480 = 1-863 


Osmotic pressure of a sugar solution at 24°C is 2.5 atmospheres. Determine the concentration of the 
solution in gm mole per litre. 

(A)0.0821 moles/litre (B) 1.082 moles/litte (С) 0.1025 moles/litre. (D) 0.0827 moles/litre 

(C) 


Here it is given that 
л= 2.5 atm, T = 24 + 273 = 297A", S = 0.0821 lit. atm. deg! mol !, C=? 
2.5 
We know that x = CST or C= = = 090821; 297 " 0.1025 moles/litre 


Twenty grams of a substance were dissolved in 500 ml. of water and the osmotic pressure of the solution 
was found to be 600 mm of mercury at 1 5^C. Determine the molecular weight of the substance. 


(A) 1120 (B) 1198 (C) 1200 (D) None of these 
(B) 
Here it is given that 


w=20 gm; V = 500. = 207. — 0.5 litre 


x CDU p 50 atm: T=15+273=288°A m=? 


According to Van't Hoff equation, 


nV=nST лУ= У ЅТ 
т 


г. т = Ww = 600x0.5 = 1198 


I 
What weight of NaCl is added to one litre of water so that АТИК, = 500 ? 


(A)5.85 р (B) 0.585 g (C) 0.0585 g (D) 0.0855 g 
(С) 

For NaCli=2 

Or = AT,-i.K,.m 
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А А 1 
moles are dissolved Кет! of water or approximately —— moles are 


Or molality = 1000 


1000 1000 


present in 1.0 litre of water (considering molarity and molality to be the same) 


Weight of NaCl = x 58.5 gof NaCl 


1000 


= 0.0585 g of NaCl. 


SUBJECTIVE 


Q.16 The addition of 3 gm of substance to 100 gm CCI,(M = 154 gm mol !) raises the boiling point of CCI, 
by 0.60°C. К, of CCI, is 5.03 kg mol! К. Calculate 
(a) the freezing point depression 
(b) the relative lowering of vapour pressure 
(c) the osmotic pressure at 298 K 
(d) the molar mass of the substance 
Given K(CCI,) = 31.8 kg mol! K and p (density) of solution = 1.64 gm/cm? 
Ans. (а) 3.79°С, (b) 0.018, (c) 4.65 atm, (d) 251.5 
Sol (a) 0.60 - K, хт 
АТ; = Кх m 
AT, K, 318 
0.60 К, ^ 5.03 
AT, = 3.79 °С Ans. 


AT, 0.60 
(b) m= K, = 5.03 = 0.12 
1000 
П 5 012, а Tt 6.49 
N sohne 0.12 
Relative lowering of V.P. = — = —— =0.018 Ans. 


Пеп 6.49 


(с) Amount of solute in 100 gm of solvent = 3 gm 
Amount of solute in 1000 gm of solvent = 30 gm 


W solution = 1030 gm, V — 1030 з = 1030 ji 
solution Em, V tution n ous ~ 1.64 cm 1640 itre 
Da, RT 
= Уо 


0.12 x 0.082 x 298 


э шы 4.65 (atm) Ans. 


1640 


Q.17 


Q.18 


(a) 
(b) 
(c) 


35 


(d) 0127 = 


solute 


3000 


тие T 0.12 


— 250 (app) Ans. 


Vapour pressure of C,H, and C,H, mixture at 50°C is given by P (mm Hg) = 180 X, + 90, where X, 
is the mole fraction of C, H,. A solution is prepared by mixing 936 g benzene and 736 g toluene and if the 
vapours over this solution are removed and condensed into liquid and again brought to the temperature 
of 50°C, what would be the new mole fraction of C,H, in the vapour state? 

0.93 

CH, -B, CH,-T 

_ 236 136 


E 92 


P=180X,+90 


Now P= (p? — p?) X, + p? 
P ° =90 mm, P, — 270 mm 
P, 7 0.6 x 270, Р = 180 x 0.6 + 90 
= 162 тт = 198 mm 


4i 102. 9 


"s P 198 11 
Mole fraction of benzene in vapour 


Now on condensation 


Xa- Y; = — 


94 кк € 
Рь= тр х 70 mm, Р Hox. *90290 jr )mm 


[ = х270 5 
f mom щй” = 
X, P 90x 29 29 =0.93 Ans. 


The vapour pressure of two pure liquids, A and B that form an ideal solution are 300 and 800 torr 
respectively, at temperature T. A mixture of the vapour of A and B for which the mole fraction of A is 
0.25 is slowly compressed at temperature T. Calculate 

the composition of the first drop of the condensate, 

the total pressure when this drop is formed, 

the composition of the solution whose nonnal boiling point is T, 

the pressure when only the last bubble of vapour remains, and 

the composition of the last bubble. 
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Ans. 
Sol. 


Q.19 


Ans. 
Sol. 


(a) 0.47, (b) 565 torr, (c) х,=0.08, х„= 0.92, (d) 675 torr, (e) х',= 0.11, х'= 0.89 
@ Р, =Х, хр, 

Р: =X, (PP - P?) +P, 

564.7 = X, (300 — 800) + 800 

X,70.47 Ans. 


O += 


0.25 0.75 1 


300 800 P, 
E = 564.7 torr 


(c) At boiling temp vapour pressure = 760 torr 
300 X, + 800 X, = 760 
X, (300 — 800) + 800 = 760 
X, 7 0.08 
X, = 0.92 
(d) When only the last bubble of vapour remains, we can assume that the composition of vapour is 
now the composition of the condensation 
E: X, 70.25, X, 7 0.75 
PexXP'-XP? 
= 0.25 x 300 + 0.75 х 800 
= 675 torr 


(e) Composition of last bubble = X, 


X,2—--01, X,=1-0.11=0.89 


When the mixture of two immicible liquids (water and nitrobenzene) boils at 372 K and the vapour 
pressure at this temperature are 97.7 kPa (H,O) and 3.6 kPa (C, H,NO,). Calculate the weight % of 
nitrobenzene in the vapour. 


20.11 % 
Let vapour contains W, gm of C, H;NO, and W, gm of H,O 
n= —. a= = 
' 1237 = ne 
for gases 
Ratio of moles = Ratio of pressure 
n :n,=3.6: 97.7 
w „18 „34 
123 w, 97.7 
w, 3.6x123 


Ww, ~ 18x97.7 ^ 0252 
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w, =w (let), w, = 0.252 w 
0.252w 


1252w ^ 
= 20.11 % Ans. 


% w = 


Q.20 А very dilute saturated solution ofa sparingly soluble salt A,B, has a vapour pressure of 20 mm of Hg 
at temperature T, while pure water exerts a pressure of 20.0126 mm Hg at the same temperature. 
Calculate the solubility product constant of A,B, at the same temperature. 

Ans. 54x10? 

Sol Let the solubility of A,B,=S 


AB, ——> 3A'*4B 
S 0 0 
0 3s 4s 


Solubility product of A, B, (к= (3S¥ (45)*= 6912 S? 
ForA, B,,1=7 
To solve this problem we will assume 


Malarity = Molality and уу, 
Molality of A,B,=S 


nee БРОНЕ 


= Dine =S, W solvent = 1000 gm 
жует * 18 = 55.56 
0 
solvent — oe = Tau: 
Eo Daten 


20.0126-20 5x7 
20.0126 55.56 
$-5x10"M 
Solubility product of A, B, (K,.)- 6912S’ 
= 6912 x 57 х 107 2 5.4 x 103 


Q.21 Ifthe apparent degree of ionization of KCI in water at 290 К is 0.86. Calculate the mass of KCI which 
must be made up to 1 ат? of aqueous solution to the same osmotic pressure as the 4.0% solution of 


glucose at that temperature. 
Ans. 8.9 gm 
Sol. Glucose(C,H,,0,), 
40x1000 2 
Molar concentration of glucose solution. (С) = 180х100 9 M 


2 
m, 2C, ВТ= - RT 


9 
For KCI solution. 
n=2,a=0.86, 


ї=1+(п-1)@ 
i= 1.86 
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w = amount of KCI present in 1 dm’ solution. 


л, = Osmotic pressure of KCI solution 


w RT 


w=8.9 gm 
^. Mass of KCI present in 1 dm! of aq. solution = 8.9 gm 


Q.22 The specific conductivity ofa 0.5 M aq. solution of monobasic acid HA at 27°C is 0.006 Sem”. It's 


molar conductivity at infinite dilution is 200 S cm? mol . Calculate osmotic pressure (in atm) of 0.5 M 
HA (aq) solution at 27°C. Given R = 0.08 L-atm/K-mol 
Ans. 12.72 


де = K%1000 _ 0.006%1000 


=19 3 -1 
Sol. 3 C 0.500 12 S cm? mol 


A’, = 200 scm?^mol" 


c 
A, 


a= ra — 0.06 
forHA, n=2 


i=l+(n-lDea 
=1+(2-1)x 0.6 
i= 1.06 


m=i= CRT 
= 1.06 x 0.5 х 0.082 х 300 
= 12.72 atm 
Q.23 The freezing point of 0.02 mol fraction solution of acetic acid (A) in benzene (B) is 277.4K. Acetic acid 
exists partly as a dimer 2A SA.. Calculate equilibrium constant for the dimerisation. Freezing point of 
benzene is 278.4 K and its heat of fusion is 10.042 kJ mol". 
Ans. К = 3.22 
Sol X, =0.02 > п, = 0.02 and n, = 0.98 
W, =0.98 x 78 gm 


nQx1000 0.02x1000 


Molality (m) = W, 7098x178 


= 0.2616 


_ _RTm, — 8314x(2784J 78 
C A Hx1000 100421000 
= 5.00 K/m 
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AT,=ixKm 

1 =іх5х 0.2616 
_ 1 

~ 5x0.2616 

= 0.7645 


efi. 


As acetic acid dimerise, n= 2 


NIR 


0.7645 = 1- 
a= 0.4710 


wie 


We assume : Molarity = Molality 
7. Molarity (C) = 0.2616 
2A -—— A 


Att=0 C 0 


[A.] са ›@ 0.471 
K= (Ар ^2C(I-aj 2С@-а)* ^ 2x0.2616 (0.529) 


= 3.22 


0.24 Ikgofan aqueous solution of Sucrose is cooled and maintained at -4°С. How much ісе will be separated 
out if the molality of the solution is 0.75? K,(H,O)= 1.86 Kg mol'K. 

Sol Since molality of solution is .75 , 
hence .75 moles of sucrose are present in 1000 g of solvent (i.e. water) 


= Myer mq, = 1000 + .75 x 342 = 1256.5 gm 


solution water ах 


25 
ут, (INKS) = туесе * 1000 = 204.14 рт „т, = 1000 — 204.14 = 795.86 gm 


"rer 


АТ, = К 4 = 1.86 uos = 277.15 
=. = х = wo ee MM ‘= 
"AT,-K,*xm => ` WAO => № > 


2. amount of ice = 795.86 – 277.15 = 518.31 gm 


Sol. 


0.26 


Sol. 


Q.27 


Sol. 


River water is found to contain 11.7% NaCl, 9.5% MgCl, and 8.4%. NaHCO, by weight of solution. 
Calculate its normal boiling point assuming 90% ionization of NaCl, 70% ionization of MgCl, and 50% 
ionization of NaHCO, (К, for water = 0.52) 


117 9.5 - 
= 58.5 =0.2, Tusc = 95 =0.1, Duco, 7 РУТ = () 1 


= 1+9 = 1+0.9= 1.9, inc, = 1+ 20= 1+0.7х2=24, 


Ixutco, =1+2a=1+0.5x2=2.0 
Weight of solvent = 100 — (11.7 - 9.5 + 8.4) = 70.4 g 


AT (Ia X Nyc + auct; х П е. T anco, х Taco, )x K, x1000 
b Weight of solvent 


„ (9x93 22,401. зао 596°C 


7. Boiling point of solution = 100 5.94 = 105.95*C 


Anaqueous solution containing 288 gm of a non-volalite compound having the stochiometric composition 
СН, О, in 90 gm water boils at 101.24°C at 1.00 atmospheric pressure . What is the molecular 
formula? 
K,(H,O) = 0.512 К mol kg T, (H,O) = 100°C 
Elevation in В.Р, = 101.24 – 100 = 1.24°C 
AT,=K, xix molality= 1.24 =0.512x 28 x 00 (aisn 
m= 1321.2 gm тої" 
molar mass of C Н, О, = 12x + 1 x 2x + 16x = 30x 
^. 30x = 13212 
7 x=44 
Hence the molecular formula is = C,,H,,0,, 
30 ml of CH,OH (d=0.7980 gm Cm?) and 70 ml of H,O (d= 0.9984 gm cm”) are mixed at 25°C to 
form a solution of density 0.9575 gm cm. Calculate the freezing point of the solution. K ,(H,O)is 1.86 
Kgmol' К. Also calculate its molarity 
Weight of CH,OH (w,) = 30cm? х 0.7980 gm/cm' = 23.94 gm 


Weight of solv ent (H, О) (w,)=70 ст? x 0.9984 gm cm? = 69.888 gm 
23.94 1000 
m= ES 6938 ^ 10.7046 molal 


~ AT,=K, xix molality, (for CH OH, i= 1) 

AT, = 1.86 x 10.7046°C = 19.91°C 

Freezing point of the solution = 0- 19.91°С = –19.91°С 

Weight of solution = weight of solute + weight of solvent = 23.94 + 69.888 = 93.828 gm 


wt. of the solution 93,828 


volume of the solution - density of the solution = 0.95751 = 97.99 ml 


23.94 | 
32 * 97. 99 


= 7.63 М 


М (molarity) = 
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Q.28 Find K, the ionization constant of tartaric acid if a 0.100 molal aqueous solution of tartaric acid freezes 
at —-0.205°C, Assume that only the first ionization is of importance and that 0.1 m —0.1M. K,= 1.86 
kg mol! К. 
Sol Assuming that the tartaric acid be a monobasic as AH. It ionizes as 
AH = Ае + H' 


Initially conc. C 0 0 
Conc. after dissociation C( 1-a} Ca Ca, 
Haa аи , where a = degree of dissociation = ULM = 1+0 
Моја! concentration = 0.1 
АТ, = К хС xi = 0.205 = 1.86 x 0.1 x (1+0) а= 0.1 
_ ТАН] _ СахСа oC _ (0.1) x01 | " 
K= [AH] == C(1—- a) l-a R= 1 "ЕХО 
^ K,7 LH x 10? 
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ELECTRO-CHEMISTRY 


ELECTROCHEMICAL CELLS 


(i) 
(ш) 


Anelectrochemical cell consists of two electrodes (metallic conductors) іп contact with an electrolyte 
(an ionic conductor). 

An electrode and its electrolyte comprise an Electrode Compartment. 

Electrochemical Cells can be classified as: 

Electrolytic Cells in which a non-spontaneous reaction is driven by an external source of current. 
Galvanic Cells which produce electricity as a result of a spontaneous cell reaction 


Electrochemical cell : 


An electrochemical cell is a system consisting of electrodes that dip into an electrolyte and in which a 
Chemical reaction either uses or generates an electric current. 

A voltaic or galvanic cell is an electrochemical cell in which a spontaneous reaction generates an electric 
current. 


A voltaic cell consists of two half-cells that are electrically connected. Each half cell is the portion of an 
electrochemical cell in which a half cell -reaction take place. 


A simple half-cell can be made from a metal strip that dips into a solution of its metal ion. An example is 
the zinc-zinc ion half-cell (often called simply a zinc electrode), which consists of a zinc metal strip 
dipping into a solution ofa zinc ion salt. Another simple half-cell consists of a copper metal strip dipping 
into a solution of a copper ion salt (copper electrode). 


Ina voltaic cell, two half-cells are connected in such a way that electrons flow from one metal electrode 
to another through an extemal circuit, and ions flow from one half-cell to another through an internal cell 
connection. Figure given below illustrates an atomic view ofa voltaic cell consisting of a zinc electrode 
and a copper electrode. As long as there is an external circuit, electrons can flow through it from one 
electrode to another. Because zinc tends to lose electrons more readily than copper, zinc atoms in the 
zinc electrode lose electrons to produce zinc ions. These electrons flow through the external circuit to the 
copper electrode, where they react with the copper ions to produce copper metal, and an electric 
current flows through the external circuit. 


Cathode of Cu 
(*ve electrode) 


CuSO, - 


Cathodic Cell) 


Cotton - 
plug ( 


3 


The two half-cells must be connected intemally to allow ions to flow between them. As zinc ions continue 
to be produced, the zinc ion solution begins to build up a positive charge. Similarly, as copper ions plate 
on as copper, the solution builds up a negative charge. The half cell reactions will stop unless positive 
ions can move from the zinc half-cell to the copper half cell, and negative ions from the copper half-cell 
can move to the zinc half-cell. It is necessary that these ion flow occur without mixing of the zinc ion 
and copper ion solutions. If copper ion come in contact with the zinc metal, for example, direct reaction 
would occur without an electric current being generated . The voltage would drop, and the battery 
would run down quickly. 


The two half-cells ofa voltaic cell are connected by a salt bridge. A salt bridge is a tube of an electrolyte 
ina gel that is connected to the two half-cells of a voltaic cell; the salt bridge allows the flow of ions but 
prevents the mixing of the different solutions that would allow direct reaction of the cell reactants. The 
half-cells are connected externally so that an electric current flows. 


The two half-cell reactions, as noted earlier, are 
Zn,—2» Zn" o t2c (oxidation half cell -reaction) 


C a d +2e—>Cu,, (reduction half cell -reaction) 
The first half cell -reaction, in which a species loses electrons, is the oxidation half cell-reaction. 
The electrode at which oxidation occurs is called the anode. The second half-reaction which a species 
gains electrons, is the reduction half cell-reaction. The electrode at which reduction occurs is called 
the cathode. These definitions of anode and cathode hold for all electrochemical cells, including 
electrolytic cells. 

Note that the sum of the two half cell-reaction 

Zn. * Cu" P 1 Zn". т Си, 


The net reaction that occurs in the voltaic cell, it is called the cell reaction. 


Once you know which electrode is the anode and which is the cathode, you can determine the 
direction of electron flow in the extemal portion of the circuit. Electrons are given up by the anode 
(from the oxidation half-reaction) and thus flow from it, whereas electrons are used up by the cathode 
(by the reduction half-reaction) and so flow into this electrode. The anode in a voltaic cell has a 
negative sign, because electrons flow from it. The cathode in a voltaic cell has a positive sign. 


Note : 


1. The salt-bridge contains solution of strong ionic salts like NaCl, NaNO,, КМО, KCletc., 
which is soaked in a colloidal solution of agar-agar gel which permits the movement of ions 
of salts only. 

2. Salt bridge carries whole of the current across the boundary ; more over the K*and NO," ions 
have same speed. Hence, salt bridge with uniform and same mobility of cations and anions 
completes the electrical circuit & permits the ions to migrate. 


E It maintains the electrical neutrality ofthe solutions in the two half-cells. In the absence of salt 


bridge, a reverse potential difference is set up in the two half-cells which results in breaking the 
continuous supply of voltage. 


Ina galvanic cell, cathode is positive with respect to anode. 


REPRESENTATION OF A CELL ( IUPAC CONVENTIONS) 


Letus illustrate the convention taking the example of Daniel cell. 


(i) Anodic half cell is written on left and cathodic half cell on right hand side. 
Zn(s) | ZnSO, (sol) || CuSO, (sol) | Cu(s) 
(ii) Two half cells are separated by double vertical lines: Double vertical lines indicate salt bridge or any type 
of porous partition. 
(ш) EMF (electromotive force) may be written on the right hand side of the cell. 
(iv) — Single vertical lines indicate the phase separation between electrode and electrolyte solution. 
Zn | Zi?* || Cu? | Cu 
(v) Inert electrodes are represented in the bracket 
Zn | ZnSO, || H | H,, (Pt) 
Illustration 
1. Whiting the cell Reaction from the Cell Notation 
(a) TI ms ll Sm, o |Sn,, 
(b) Zn,,, | Zw... |] Fe ags Fe | Pt 
Problem strategy: The cell notation gives the species involved in each half-reaction. When you 
are going to add half cell- reaction balance half cell reaction in such a way that both have same 
number of electron. 
Sol (a) _ Thehalf-cell reactions are 
Anode ТІ > Warte 
Cathode Sn**,,,, + 2e —9Sn, 
Multiplying the anode reaction by 2 and then summing the half-cell reactions gives 
?1l,, + Si а. 2ТІ ‘eat Sn(s) 
(b)  Thehalfcell reactions are 
Anode Zn, —9 Zn”, *2€ 
Cathode гете. 
and the cell reaction is : 
Zn, + 2Fe y — Zn", + EFE 
Exercise 
1. Write cell reaction of the following cells : 
(а) . AglAg' (aq) || Си? (ад) | Cu 
(b) РН, |Н“ (ад) || Cd% (ag) | Cd 
Ans. (a)2Ag- Сиг —9 2Ag*- Cu, (b) Н, + Cd**—> Cd + 2H* 
2. White cell representation for following cells: 
Са?" (aq) + Zn (s) —9 Zn** (aq) + Cd (s) 
Ans. Zn|Zn**|| Cd?" | Cd 


ELECTRODE POTENTIAL 


(i) 


(ii) 


When a metal is placed in a solution of its ions, the metal acquires cither a positive or negative charge 
with respect to the solution. On account of this, a definite potential difference is developed between the 
metal and the solution. This potential difference is called electrode potential . 

The potential difference is established due to the formation of electrical double layer at the interface of 
metal and the solution. The development of negative charge (as on zinc plate) or positive charge (as on 
copper plate) can be explained in the following manner. 

(a) Oxidation : Metal ions pass from the electrode into solution leaving an excess of electrons and thus 

a negative charge on the electrode. 
M(s) — M" (aq.) + ne^ 


(b) Reduction : Metal ions in solution gain electrons from the electrode leaving a positive charge on the 
electrode. 
M"'(aq.) + пе —9 М (s) 


The magnitude of the electrode potential of a metal is a measure of its relative tendency to undergo 
oxidation (loss of electrons) or reduction (gain of electrons). The magnitude of potential depends on the 
following factors : 

(i) Nature of the electrode 

(ii) Concentration of the ion in solution 


(iii) Temperature. 


Depending on the nature of the metal electrode to lose or gain electrons, the electrode potential may be 
of two types : 


Oxidation potential : When electrode is negatively charged with respect to solution. i.e., it acts as 
anode. Oxidation occurs. 

M —29 М" + ne^ 
Reduction potential : When electrode is positively charged with respect to solution. i.e., it acts as 
cathode. Reduction occurs. 

М" + пе — М 
it is not possible to measure the absolute value of the single electrode potential directly. Only the difference 
in potential between two electrodes can be measured experimentally. 


CONCEPT OF ELECTROMOTIVE FORCE (EMF) OF A CELL 


Electron flows from anode to cathode in extemal circuit duc to a pushing effect called or electromotive 
force (e.m.f.). EMF is called as cell potential. Unit of c.m.f. of cell is volt. 
EMF of cell may be calculated as : 
E ы = Reduction potential of cathode — Reduction potential of anode 
Similarly, standard e.m.f. of the cell (E?) may be calculated as 
E° „ү = Standard reduction potential of cathode — Standard reduction potential of anode 

E = К.Р. (Cathode)— R.P. (Anode) 

= R.P. (Cathode) + O.P. (Anode) 


сей 


Which electrode of a galvanic cell corresponds to the higher potential energy. 


SIGN CONVENTION OF EMF 


EMF of cell should be positive other wise it will not be feasible in the given direction . 
Zn | ZnSO, || CuSO, | Cu E=+1.10 volt (Feasible) 
Cu | CuSO, || ZnSO, | Zn E- -1.10 volt (Not Feasible) 


Illustration 
1. Forthecellreaction 2Се*" + Co— > 2Ce?* + Сог! 
E? 151.89У1ГЕ° , is — 0.28 V, what is the value of p? ? 
cell Co** |Co Ce c+ 
Ans. L61V 
UAR Nc 
Sol. Есе = Eos ice Eca? ‘Co 


1.89 = E? 4.» —(--28) 


E =1.61V 


ü 
Се“ /Сс” 


Exercise 


1. Determine the standard reduction potential for the half reaction : 
Cl, + 2e° — > 2Cr 
Given Pt? +2CF-—> Pt+Cl,, Ес =- 0.15 У 
P + 2e- —э Pt E°=1.20V 
Ans. 1.35 V 
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RELATIONSHIP BETWEEN AG AND ELECTRODE POTENTIAL 


(i) 


(ii) 


Let n, Faraday charge is taken out from a cell of e.m.f. (E), then electrical work done by the cell may 
be calculated as, 
Work done = Charge х Potential = nFE 


From thermodynamics, we know that decrease in Gibbs free energy of a system is a measure of reversible 
or maximum obtainable work by the system. 

7. AG = -nFE 

Under standard state AG? = -nFE? (i) 


From thermodynamics we know, AG = negative for spontaneous process. Thus from eq.(i) it is clear 
that the EMF should be +ve for a cell process to be feasible or spontaneous. 
When AG - positive, E = negative and the cell process will be non spontaneous. 


Reactions AG E 
Spontaneous (-) (+) 
Non- spontaneous (+) (-) 
Equilibrium 0 0 


Standard free energy change ofa cell may be calculated by electrode potential data. 
Substituting the value of E? (і.е. standard reduction potential of cathode- standard reduction potential 
of anode) in eq. (i) we may get AG®. 


NERNST EQUATION 


Walter Nemst derived a relation between cell potential and concentration or Reaction quotient. 
AG=AG°+RTInQ (1) 

where AG and АС? are free energy and standard free energy change; ‘Q’ is reaction quotient. 

2 —AG-nFE — and-AG?- пРЕ° 

Thus from Eq. (i),we get -nFE = — nFE? + RT InQ 


к А 5 
А! 25°С, above equation may be writtenas Е = E? — oog Q 
Where ‘n’ represents numberof moles of electron involved in process. 

In general , for a redox cell reaction involving the transference of n electrons 
aA + bB——» cC + dD, the EMF can be calculated as: 


_ 0.0591 бе [CTIDT 
n [А] [В] 


Cet ^ Cell 
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Illustration 


1. Calculate the EMF ofa Daniel cell when the concentration of ZnSO, and CuSO, аге 0.001 M and 
0.1M respectively. The standard EMF of the cell is 1.1V. 

Ans. E=1.159V 

Sol.  Zn(S)* CuSO, — ZnSO, + Cu 


o 0591 Zn" :0591 10? 
Boa = Еса- 5 '08 faye] = 11-5 leg то = 1.159 V 
Exercise 


l. The EMF ofthe cell M | M™ (0.01M) | H' (1M) | H,(g) (1 atm), Pt at 25°C is 0.82V. Calculate the 
valency of the metal if the standard oxidation potential of the metal is 0.76V. 
2.303 RT 
Take x NEL 0.06 at 25°C. 
Ans. n-2 


What will happen to the cell emf as cell start operating from standard condition. 


Can the Nernst equation be used at temperature other than room temperature ? What 
will happen to cell emf as temperature is increased slightly ? 


THERMODYNAMIC TREATMENT OF NERNST EQUATION 
(i) Prediction and feasibility of spontaneity of a cell reaction. 


Let us see whether the cell (Daniel) is feasible or not: i.e. whether Zine will displace copper or not. 
Zn | (s) | ZnSO, (1M) || CuSO, (1 М) | Cu(s) 


0 пакос . E? E 

Eze 0-76volt ; Eee jca 2+ 0-34 volt 
er. _ Fe. 

E cn = Ёз T Eg, 


= 0.34 -(-0.76) = +1.10 volt 
Since E°=+ve , hence the cell will be feasible and zinc will displace copper from its salt solution. In the 
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(ii) Determination of equilibrium constant : We know, that 


E = ЕО - 90591000 (i) 


At equilibrium, the cell potential is zero because cell reactions are balanced, i.c. E=0 
2. From Eq. (i), we have 


0 
O=E° – ек ог касанд | 


Hlustration 


1. Calculate E" and E for the cell Sn | Si?* (IM) || Pb*(102M) | Pb, E? (Si?*| Sn) = -0.14V, 
E" (Pb?*| Pb) = —0.13V. Is cell reaction is feasible? 
Ans. No, Е, = -0.078V 


0.059 n?* .059 
So Een = Ес̧г, + Epg?+ spp o ЮЕ me] 7*914-0.13- -—— log 10" 
9 - 
= + 0.01 - х ——0.078 V Cell will not work 


ғ 8 Calculate the equilibrium constant for the reaction 
Fe*«Ce* = Ее?" + Ce” [Сіуеп: Ес, ice =1.44V E Fe Fe =0.68V ] 


2.303 RT 
Take -F = 0.06 at 25°C, log 4.68 = 0.67 
Ans. К = 4.68 x 10 
Sol. Fe? + Сеї = + Ее?" + Ce 


E° = 1.44 – 0.68 = 0.76V = m log Қу. Ko = 4.64 x 10"? 


Exercise 


1. For the galvanic cell : Ag|AgCl(s)| KCI (0.2M) || K Br (0.001 M)| AgBr(s) | Ag, 
Calculate the EMF generated and assign correct polarity to each Ckctrode for a spontaneous process 
after taking into account the cell reaction at 25°C. [K 4 (.,, = 2.8x 107 ^:K 233x107] 
Ans. —0.037V 


2. Voltage of the cell Pt, H,(1 atm)/HOCN (1.3 х 10? M)/Ag* (0.8 M)|Ag(s) is 0.982 У. Calculate 
the K, for HOCN . Neglect [Н] because of oxidation of H,(g). 
Ag’ +e—> Agís) = 0.8 V. 

Ans К, = 6.99 х 107 


spl AgBr) 
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DIFFERENT TYPES OF HALF-CELLS AND THEIR REDUCTION POTENTIAL 


(1) . Gas-IonHalf Cell : In such a half cell, an inert collector of electrons, platinum or graphite is in contact 
with gas and a solution containing a specified ion. One of the most important gas-ion half cell is the 
hydrogen-gas-hydrogen ion half cell. In this half cell, purified H.gas at a constant pressure is passed over 
a platinum electrode which is in contact with an acid solution. 

H'(aq) + e = 1/2 Н, 


0.0591, [pH,)^ 
нн, нн, = 1 log Lg 


(2) . Metal-Metal Ion Half Cell : This type of cell consist of a metal M in contact with a solution containing 
M"' ions. 
M""(aq) +ne~ = M(s) 


- 2 0.0591 | 
Е ип", M Eun, M н log [ме] 


(3) Metal-Insoluble Salt - Anion Half Cell : In this half cell, a metal coated with its insoluble salt is in 
contact with a solution containing the anion of the insoluble salt. eg. Silver-Silver Chloride Half Cell: 
This half cell is represented as CI/AgCl/Ag. The equilibrium reaction that occurs at the electrode is 
AgCl(s)+e = Ag(s) + СГ (aq) 


0 0.0591 = 
Eer ager ag 7 Eci Age ag 7 | log| Ct | 


potential of such cells depends upon the concentration of anions. Such cells сап be used as Reference 
Electrode. 


(4) | Oxidation-reduction Half Cell: This type of half cell is made by using an inert metal collector, usually 
platinum, immersed in a solution which contains two ions of the same element in different states of 
oxidation. eg. Fe** - Fe?* half cell. 

Fe*'(aq) + ег = Fe?'(aq) 


_ 0.0591 , [Fe?*] 


Fe / Fe Fe") re? 1 [Fe?*] 


CONCENTRATION CELL 


The cells in which electrical current is produced due to transport ofa substance from higher to lower 
concentration. Concentration gradient may arise either in electrode material or in electrolyte. Thus there 
are two types of concentration cell . For such cell, Е. „= 0. 
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(i) Electrode Gas concentration cell : 
Pt, H,(P,)| H'(C) | H,(P,), Pt 
Here, hydrogen gas is bubbled at two different partial pressures at electrode dipped in the solution of 
same electrolyte. 
Cellprocess: 1/7 2H5(pi) > H* (с) + е (Anode process) 
Н? (с) + e > 1/2 Н (рз) (cathode process) 
V/2H5(pj) = 1/2 Hz (pz) (Netreactions) 
1/2 
_2303RT |. [P 
or asc, = 009916 9 1 
P2 
For spontanity of such cell reaction, p,>p, 
(ii) Electrolyte concentration cells: 
Zn(s) | ZnSO, (С) || ZnSO, (C,) | Zn(s) 
Insuch cells, concentration gradient arise in electrolyte solutions. Cell process may be given as, 
Zn(s}+Zn?"(C, )+2e (Anodic process) 
Zn** (C,)+2e —9 Zn(s) (Cathodic process) 
дс e Za (C,) (Over all process) 
2. From Nernst equation, we have 
Е= 2.303RT log €; 
2F C, 
For spontanity of such cell reaction, C,» C, 
Can you Explain Why ? 


{i) Like other thermodynamic properties, AH , AS and AG the sign of E? changes 
but the magnitude of E* remains the same when we reverse the cell reaction. 


(ii) Changing the stoichiometric coefficients of a half-cell reaction does not affect 


z the value of E*. 


Saved /storage/emulated/0/Pictures/TouchShot/ 


20170809 _001435.jpa 


12 


Illustration 


1. Carefully observe the given figure and using data provided find the EMF of shown Galvenic cell (in уой): 


Salt | 
| Bridge | 


f 
$ 


Solution - A Solution - В 


Solution A is 0.1 M each in NH OH and NH,CI and solution B is 0.1 M CH,COONa. 
J ^ А 2.303RT 

[Given : K, (CH,COOH) =10°, K, (NH,OH) = 10? and XE = 0.06 volt ] 

(A)0.24 V (B)0.12 V (C) 0.06 V (D)0 V 
Ans. (D) 
Sol  pliofsolution(A) : Solution A is a basic Buffer 

[Salt] 

pOH = pK, + log [Base] = pOH = 5 

=> pH =9=> (Н, = 10°M 

pH of solution (B) 

1 1 

рН = 2 [pK, + pK, + log С] > 2114+5-1] 

рН = 9 

=> [H*], = 10? 

Now, The cell is a concentration cell 

Cellreaction : 2Hj (aq) + 2e = Н›в(в) 

Hy. (8) = 2H, t2e 
2Hg (aq) * H, , (g) 22> 2H} (aq)  H, a(g) 
Nearest Equation for cell 
006 [HÀ 
cai = 0- 2 log TES = 0 Volt Ans. ] 

x: Pt | CL(g, Р.) | CI (aq,C) || Cl' (aq, C) | Cl, (g, Р) | Pt 

EMF of cell is positive if 

(A) P, > P, (B) P, >Р, (C) P, - P, (D) We cannot predict 
Ans. (A) 


[Sol. Anode halfcell 
Pb | CL(g, P.) | CI- (aq, С) 
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> 9.0591 Р, ; 
a Бас р с vee) 


Cathode Half cell 
СГ (aq, С) | Cl, (g, P,)| Pt 


Ali) 


сеп ох red 


_ po уро _ 00591 BC 


0.0591 Р, 
Eu "d 2 log Р, 


for spontaneous reaction 
P, P, Ans. (A) ] 


3. Calculate the standard e.m.f. ofthe reaction. Fe" +3е — Fe, E$ =? 
GivenFe' +e — Fe* Е? -0.771V Ее + 2e Fe, E$ =-0.44V 
Sol With the help of calculation of free energy 
АС? = -nFE* =—(1MF)0.771V) = -0.771V 
AGS = —(2)(Е)(0.44) = 0.88FV 
AG? = -(3XFXE) =-3FE"V 
The free energy change for the unknown process can be obtained as 
AG; = AG? - AG; 
-ЗЕЕ = –0.771Е + 0.88F = 0.109F 


or p? =OP =-0.036V 


4. The standard electrode potentials of the electrode Cu^*|Cu and Ag’|Ag are 0.34V and 0.7991V 
respectively. What would be the concentration of Ag” in a solution containing 0.06M of Cu" ion such 
that both the metals can be deposited together. Assume that activity coefficients are unity and both silver 
and copper do not dissolve among themselves. 

Sol The individual reactions аге: 

Си? + 2e —39 Cu, Ё Ag'te —oAg. 
The electrode potentials given iby Nemst equation 


0.0591 1 
E(Cu?* |Cu) = Е =- A F (0059D, 1 _ 
2 [Cu?*] 0.037 ; 8p og = 0.037 – 0.036 = 0.301 


0.0591 1 

1 [А87] 
Two metals will be deposited together when the electrode potentials are equal і.е. 
І sq 1 _ 0.7991-0.301 _ 


E(Ag* | Ag) =0.7991- 
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poo ages 
[^g] 
or [Ag] = 10 *** = 0.37 x 10 * mol dm? 


5. Calculate the equilibrium constant for the reaction, 
Zn* + 4NH, —9 [Zn(NH,),]* 
E"(Zn**/Zn) = — 0.763 and E" [Zn(NH,),] "(Zn + NH,) = 1.035 V 
Sol Тһе electrode reactions for the given electrodes, can be written as 
Zn" + 2e —> Zn Е? = -0.763V 
[Zn(NH,),]* + 2e —— Zn + 4NH, E? =-1.03V 


Reaction (1) - (2) 
Zn** + 4NH,— [Zn(NH,),]> 


The standard emf of this reaction = E? — E$ = —0.763V – (-1.03) - 0.267V 


a 3 
According to Nemst equation E = E? — A aS 


а .-a 
жы 0.0591 
If the process is equilibrium, E =0 at 25°C log К = 0.267 
_ (0.267)(2) _ 
een "AH => K =10°"*10° =1.09x10" 


The equilibrium constant is also called the “Stability Constant” of the complex. If the reaction is written 
in a reverse manner, it will be “instability constant”. 


6. Calculate the pH of the following half cells solutions. 
(а) РИН, ) | H (HCl) E=0.25 volt 


latm 
(b) РН, ) |H'(H,SO,) Е = 0,3 volt 
latm 
Sol. (a) Н, —э 2H" +2¢ T 
En, ir i = x log rs = 0.0 — 0.0591 log E | 
0.25 = 0.0591 pH i 
025 _ 
pH 0.0591 4.23 
+12 ? 
(b) Eu, = E, ji - M log = 0.0 — 0.0591 AR ) 
S " H, 1 
0.3 = 0.0591рН 
e 
pH 0.591 = 5.076 
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Exercise 


1. Calculate the values for cell 


2+ |\с 2+ 
Zn п, | Cu; Cu (i) cellreactionand (и) e.m.f. of cell 
IM |1M 


Given: E vo -440.35V; Е.» z =-0.76У 
Sol (0) Cellreaction Zn + Си" — Zn" + Cu 
(ii) ПУ 
2. To find the standard potential of M**/M electrode, the following cell is constituted. 
РММ? (0.0018 mol”’L) || Ag' (0.01 mol”L) | Ag 
The emf of this cell is found to be 0.42 volt. Calculate the standard potential of the half reaction , 


М” +3е —>M (Given Е, -0.80 volt) 
Ag Ағ 


Ans. 0.32 volt 
3. What is the standard potential of the TP*/TI electrode? 
ТР +2e —>TI E" = 1.26 volt] 
Tl +e — ТІ 9 2 — 0.335 volt 
Ans. 0.728 volt 
4. Calculate the emf of the following cell at 25 °C. 
Pt H, | HCl | H,Pt 
Zatm I0atm 


Ans — 0.0206 volt 


5. Calculate the emf of the cell Zn-Hg (C, Zr" (aq) | Zn — Hg (C,) at 25°C, if the concentration of the 
zinc amalgam are C, =2 gm per 100 gm of Hg and C, = 1 gm per 100 gm of Hg. 
Ans. 8.8 х 10°V 


COMMERCIAL VOLTAIC CELLS 


Batteries can be classified as primary and secondary. Primary batteries can not be returned to their 
original state by recharging, so when the reactants are consumed, the battery is "dead" and must be 
discarded. Secondary batteries are often called storage batteries or rechargeable batteries. The reactions 
in these batteries can be reversed; thus, the batteries can be recharged. 


PRIMARY BATTERIES 


Dry cells and alkaline batteries 

Zinc serves as the anode, and the cathode is a graphite rod placed down the center of the device. These 
cells are often called "dry cells" because there is no visible liquid phase. However, water is present, so 
the cell contains a moist paste of NH,CI, ZnCl, and MnO,. The moisture is necessary because the ions 
present must be in a medium in which they can migrate from one electrode to the other. The cell 
generates a potential of 1.5 V using the following half-reactions: 


Сабоба 
ү С 
paper oF cat beard 
Aaote ow beige 
лаушы aoe, erase | 


Cathode, reductions: | 2NH,' (aq) + 2e° — 2NH,(g) + H,(g) 
Anode, Oxidation: — Zn(s)— Zn?*(aq) +2 e 


The two gases formed at the cathode will build up pressure and could 


cause the cell to rupture. This problem is avoided, however, by two 
other reactions that take place in the cell. Ammonia molecules bind to муна" 
carbon 


Zn? ions, and hydrogen gas is oxidized by MnO, to water. 
Zn?*(aq) + 2NH,(g) + 2CF (aq) — Zn(NH,), CL(s) 
2MnO, (s) + H, (g) ^ Mn,O,(s) + H,O(/) 


LeClanche cells were widely used because of their low cost, but they have several disadvantages. If 
current is drawn from the battery rapidly, the gaseous products cannot be consumed rapidly enough, so 
the cell resistance rises, and the voltage drops. In addition, the zinc electrode and ammonium ions are in 
contact in the cell, and these chemicals react slowly. Recall that zinc reacts with acid to form hydrogen. 
The ammonium ion, NH,* (aq), is a weak Bronsted acid and reacts slowly with zinc. Because of this 
reaction, these voltaic cells cannot be stored indefinitely. When the zinc outer shell deteriorates, the 
battery can leak acid and perhaps damage the appliance in which it is contained. 


At the present time alkaline batteries are used the chemistry of alkaline cells is quite similar to that in a 
LeClanche cell, except that the material inside the cell is basic (alkaline). Alkaline cells use the oxidation 
of zinc and the reduction of MnO, to generate a current, but NaOH or KOH is used in the cell instead 
of the acidic salt NH „С. 

Cathode, reductions: CMnO, (s) + H,O(/) + 2e — Мп,О (5) + 20H O(aq) 

Anode, Oxidation : Zn (s) + 20H (aq) > ZnO(s) + H,O(/)+ 2 e 

Alkaline cells, which produce 1.54 V (approximately the same voltage as the LeClanche cell) , have the 


further advantage that the cell potential does not decline under high current loads because no gases are 
formed. 


SECONDARY OR RECHARGEABLE BATTERIES 


Anautomobile battery — the lead storage battery — is —g ‘carbaney g+ 

probably the best - known rechargeable battery figure. — |» 
The 12 -V version of this battery contains six voltaic | {cathode 
cells, each generating about 2V. The lead storage battery 
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When the cell supplies electrical energy, the lead anode is oxidized to lead (11) sulfate, an insoluble 
substance that adheres to the electrode surface. The two electrons produced per lead atom move through 
the external circuit to the cathode, where PbO, is reduced to Pb?* ions that, in the presence of H,SO ,.also 
form lead (II) sulfate. 


Cathode, reduction: PbO, (s) + 4H*(aq) + SO% (aq) + 2e- — PbSO,(s) + 2 H,O(/) 
Anode, oxidation : Pb(s) + $О,” (aq) > PbSO,(s) + 2e 


Net cell reaction Pb(s) + РЬО (5) + 2H,SO,(aq) > 2PbSO,(s) + 2H,O(/) 


The discharging process of the storage cell is based on the principles of electrochemical 
cell, whereas the charging process is based upon the principles of electrolytic cells. 


222222 
ғ 
Wp- Vas 12 volts 


A The battery consists of 
six two-vgit cells coneected 
эп series 


B Esch component cell is 
Composed of several 
negative end positive 
electrodes made of pure 
spongy 1900 ond laod oxide, 
respectively, 120 electrodes, 
Connected in parellet, ere 
immersed t^ è Gilute solution 
of sulfuric acid. 

plates in a solution 

of 8,50, ena uf 


Nickel - Cadmium ("Ni - Cad") batteries, used in variety of cordless appliances such as telephones, 
video camcorders, and cordless power tools, are lightweight and rechargeable. The chemistry of the cell 
utilizes the oxidation of cadmium and the reduction of nickel (III) oxide under basic conditions. 


Cathode, reduction : NiO(OH) (s) + H,O(/) + e — Ni(OH),(s) + OH (aq) / х 2 
Anode, Oxidation: Cd(s) + 2 OH- — Cd(OH),(s) + 2e 
Net cell reaction : 2NiIO(OH)(s) + Cd(s) + H,O (0) 2Ni(OH), (s)+C Он), (5) 


As the active masses of all reaction components are independent of their amount. The cell delivers 
constant EMF throughout. 


FUEL CELLS AND HYBRID CARS 


Anadvantage of voltaic cells is that they are small and portable, but their size is also a limitation. The 
amount of electric current produced is limited by the quantity of reagents contained in the cell. When one 
of the reactants is completely consumed, the cell will no longer generate a current. Fuel cells avoid this 
limitation because the reactants (fuel and oxidant) can be supplied continuously toe the cell from an 
external reservoir. 

In a Hydrogen - Oxygen fuel cell figure, hydrogen is pumped into the anode of the cell, and O, (or air) 
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is directed to the cathode where the following reactions occur : 


Cathode, reduction : Оде) + 2 HO(/) + 4 e — 40H (aq) E°=1.23 V 
Anode, Oxidation : H,(g) — 2H' (aq) + 2e E°=0V 
Schematic diagram 
of a modern 
hydrogen-oxygen 


fuel cell. 
Commonly used 
electrolytes are 
NaOH solution, 
phosphoric acid, or 
solid oxides. A 
major limitation of 
any oxygen- 
consuming fuel cell 
is the slow rate of 
the reduction of 
this element at a 
cathode. The best 
cathode surfaces 
are usually made 
of platinum, which 
is a major cost 
factor in fuel cell 
design. 


EFFICIENCY OF A FUEL CELL 


(AH) 


100 


CORROSION CELLS AND REACTIONS 


Corrosion can be defined as the deterioration of materials by chemical processes. Of these, the most 
important by far is electrochemical corrosion of metals, in which the oxidation process M — M* + e^ is 
facilitated by the presence of a suitable electron acceptor, sometimes referred to in corrosion science as 
a depolarizer. 


In a sense, corrosion can be viewed as the spontaneous return of metals to their ores; the huge quantities 
of'energy that were consumed in mining, refining, and manufacturing metals into useful objects is dissipated 
by a variety of different routes. 


The special characteristic of most corrosion processes is that the oxidation and reduction steps occur at 
separate locations on the metal. This is possible because metals are conductive, so the electrons can 
flow through the metal from the anodic to the cathodic regions. The presence of water is necessary in 
order to transport ions to and from the metal, but a thin film of adsorbed moisture can be sufficient. 
A corrosion system can be regarded as a short-circuited electrochemical cell in which the anodic process 
is something like 

Fe(s) > Ее? (aq) + 2e 
and the cathodic steps can be any of 

О, + 2 H,O + 4е + 4 ОН” 

H +e —'^H.(g) 

M?* +2 e > M(s) 
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where M is a metal. Which parts of the metal serve as anodes and cathodes can depend on many 
factors, as can be seen from the irregular corrosion patterns that are commonly observed. Atoms in 
regions that have undergone stress, as might be produced by forming or machining, often tend to have 
higher free energies, and thus tend to become anodic. 


CONTROL OF CORROSION 


Since both the cathodic and anodic steps must take place for corrosion to occur, prevention of either 
one will stop corrosion. The most obvious strategy is to stop both processes by coating the object with 
a paint or other protective coating. Even if this is done, there are likely to be places where the coating is 
broken or does not penetrate, particularly if there are holes or screw threads. 

A more sophisticated approach is to apply a slight negative charge to the metal, thus making it more 
difficult for the reaction М — M** + 2 & to take place. 


SACRIFICIAL COATINGS 


One way of supplying this negative charge is to apply a coating of a more active metal. Thus a very 
common way of protecting steel from corrosion is to coat it with a thin layer of zinc; this process is 
known as galvanizing. The zinc coating, being less noble than iron, tends to corrode selectively. Dissolution 
of this sacrificial coating leaves behind electrons which concentrate in the iron, making it cathodic and 
thus inhibiting its dissolution. 
Negative charge in iron inhibits Gna) 
dissolution of Fez» 4 


гено ИЙ 4 


e 
iron 


EN 


„= 


Sacrificial coating Noble coating 


The effect of plating iron with a less active metal provides an interesting contrast. The common tin-plated 
can (on the right) is a good example. As long as the tin coating remains intact, all is well, but exposure of 
even a tiny part of the underlying iron to the moist atmosphere initiates corrosion. The electrons released 
from the iron flow into the tin, making the iron more anodic so now the tin is actively promoting corrosion 
of the iron! You have probably observed how tin cans disintegrate very rapidly when left outdoors. 


CATHODIC PROTECTION 


A more sophisticated strategy is to maintain a continual negative electrical charge on a metal, so that its 
dissolution as positive ions is inhibited. Since the entire surface is forced into the cathodic condition, this 
method is known as cathodic protection. The source of electrons can be an external direct current 
power supply (commonly used to protect oil pipelines and other buried structures), or it can be the 
corrosion of another, more active metal such as a piece of zinc or aluminum buried in the ground nearby. 
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ELECTROLYSIS 


The decomposition of electrolyte solution by passage of electric current, resulting into deposition of 
metals or liberation of gases at electrodes is known as electrolysis. 


ELECTROLYTIC CELL 


This cell converts electrical energy into chemical energy. E 
The entire assembly except that of the external battery is — | Cathode (-) 
known as the electrolytic cell 


Electrolyte cell 
ELECTRODES 


The metal strip at which positive current enters is called anode; anode is positively charged in electrolytic 
cell. On the other hand, the electrode at which current leaves is called cathode. Cathodes are negatively 


charged. 

Anode Positive Loss of electron Positive 
oroxidation current 
takes place enters 

Cathode Negative Gain of electron Current 
or reduction leaves 
takes place 


ELECTROLYSIS OF MOLTEN SODIUM CHLORIDE 


NaCl(molten) ——9 Na* + CI- 
Reactions at anode (oxidation) : cathode (reduction) 
2С —> Cl,(g) + 2e: 2Na' + 2e° ——> 2Na(/) 


There are two types of electrodes used in the electrolytic cell, namely attackable and non - attackable. 
The attackable electrodes participitate in the electrode reaction. They are made up of reactive metals 
like Zn, Cu, Ag etc. In such electrodes, atom of the metal gets oxidised into the corresponding cation, 
which is passed into the solution. Thus, such anodes get dissolved and their mass decreases. On the 
other hand, non-attackable electrodes do not participate in the electrode reaction as they made up of 
unreactive elements like Pt, graphite etc. Such electrodes do not dissolve and their mass remain same. 


ELECTROLYSIS OF SODIUM CHLORIDE SOLUTIONS 


When you electrolyze an aqueous solution of sodium chloride, NaCl, the possible species involved in 
half-reactions are Na“, СГ and H,O. The possible cathode half-reactions are 
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Na +e— Na. E°=-2.71V 


(mg) 


28,0, + 2e—> H,,,+20H;,,, E°=-0.83V 


Under standard conditions, you expect H,O to be reduced in preference to Na*, which agrees with what 
you observe. Hydrogen is evolved at the cathode. 


2C, —9 Ch, + 2e Е°=- 1.36V 
2H0,—95 Op *4H',,*4e  E°=-1.23V 


b 2g) (aq) 


Under standard-state conditions, you might expect H,O to be oxidized in preference to 
СГ. However, the potentials are close and over voltages at the electrodes could alter this conclusion. It 
is possible nevertheless to give a general statement about the product expected at the anode. Electrode 
potentials, as you have seen, depend on concentrations. It tums out that when the solution is concentrated 
enough in СІ, Cl, is the product; but in dilute solution, O, is the product. To see this, you would simply 
apply the Nernst equation of the CHCI half reaction. 

2C y Cl, + 2€ 


[ Ng 


Starting with very dilute NaCl solutions, you would find that the oxidation potential of CI is very negative, 
so H,O is reduced in preference to СГ. But as you increase the NaCl concentration, you would find that 
the oxidation potential of Cl increases until eventually Cl is oxidized in preference to H,O. The product 
changes from O, to Cl. 


The half-reactions and cell reaction for the electrolysis of aqueous sodium chloride to chlorine and 
hydroxide ion are as follows: 


2 H,O +2e— Н, + 20H- {cathode} 
2С aa Clp +2e (anode) 
2H,0, + 2СГ аэ Н, + СІ, + 20H „у 


Because the electrolysis started with sodium chloride, the cation in the electrolyte solution is Na*. When 
you evaporate the electrolyte solution at the cathode, you obtain sodium hydroxide NaOH. 


QUALITATIVE ASPECTS OF ELECTROLYSIS 


(i) Ofthe two cations, that cation is liberated at the cathode which has higher reduction potential. 
Ofthe two anions, that anion will be discharged at the anode which has lower reduction potential. 

(ii) If electrode is active at cathode, metal goes on depositing on cathode and at anode metal is 
dissolved. 

(ii) ^ Itmustbe noted that it is not the SRP of a cation that decides its discharge, but its reduction 
potential. The SRP's should be used only when the concentration of ions are 1M. For 
concentrations other than 1 M, the reduction potentials for each cation at the concentration is 
calculated and then the discharge ofan ion can be predicted. 


(iv) The discharge of NO;, PO} and 502- ions at anode does not commonly take place from 


aqueous solution. 
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Electrolysis of water is often done with a small amount of sulphuric acid added to water. 
Why? 


FARADAY'S LAWS OF ELECTROLYSIS 


(1) First law of electrolysis : 
Amount of substance deposited or liberated at an electrode is directly proportional to amount of charge 
passed (utilized) through the solution. 
wxQ 
W = weight liberated, О = charge in coulomb 
w=ZQ 
Z=electrochemical equivalent 
when О = 1 coulomb, then w =Z 


Thus, weight deposited by 1 coulomb charge is called electrochemical equivalent. 
Let | ampere current is passed till ‘t seconds . 
Then, Q= It ~ w=Zit 

1 Faraday = 96500 coulomb = Charge of one mole electrons 


One faraday is the charge required to liberate or deposit one gm equivalent of a substance at 
corresponding electrode. 


Let *E' is equivalent weight then ‘E’ gm will be liberated by 96500 coulomb. 


1 Coulomb will liberate 
hE 
96500 


xs E 
; e , Z= 
gm ; By definition 96500 


96500 
W 


Whena gas is evolved at an electrode, then above formula changes as, 
ку 
= € 


~ 96500 
where V = volume of liberated gas, V. = equivalent volume of gas. 


Equivalent volume may be defined as: 
The volume of gas liberated by 96500 coulomb at latm & 0°C. 


V 


(ii) Second law of electrolysis : 


When same amount of charge is passed through different electrolyte solutions connected in series then 
weight of substances deposited or dissolved at anode or cathode are in ratio of their equivalent 
weights. i.e. ww, = Е/Е, 
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Hlustration 


How much electric charge is required to oxidise : 
(a) 1 mole of H,O to О, (b) I mole of FeO to Fe,O,? 
Sol (a) The oxidation reaction is : 

H,O—> 10, + 2H* + 2е 

1 mole 2 mole 

Q = 2F = 2 х 96500 = 1.93 x 10°C 
(b) The oxidation reaction is 

FeO + SH,O—> 4Fe,0,+H' +e 

Q =F = 96500 coulomb 


2. Exactly 0.4 faraday electric charge is passed through three electrolytic cells in series, first containing 
AgNO,, second CuSO, and third FeCl, solution. How many gram of each metal will be deposited 
assuming only cathodic reaction in each cell, 

Sol The cathodic reaction in the cell are respectively, 

Ар + e —>Ag 

1 mole 1 mole 

108 g iF 

Сы" + 2e — Cu 
l mole 1 mole 


63.5g 2F 
and Fe + 3€ —» Fe 
1 mole 1 mole 
56g 3F 
Hence, Ag deposited = 108 x 0.4 = 43.2 р 
> 63.5 
Cu deposited = 2 x0.4=127g 
; 56 
апа Fe deposited = 3 х 0.4 = 7.47 р 


^ 


An electric current of 100 ampere is passed through a molten liquid of sodium chloride for 5 hours. 
Calculate the volume of chlorine gas liberated at the electrode at NTP. 
Sol The reaction taking place at anode is 

2C| —>Cl, + 2e 

71.02  7L0g 2x96500 coulomb 

1 mole 

О=1х1=100 х 5 х 60 х 60 coulomb 

The amount of chlorine liberted by passing 100 х 5 х 60 х 60 coulomb of electric charge. 


| 
= ———— = А 2 
596500 * 100* 5 x 60 x 60 = 9.3264 mole 


Volume of Cl, liberated at NTP = 9.3264 x 22.4= 208.91 L 
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4. How long a current of 2A has to be passed through a solution of AgNO, to coat a metal surface of 
80cm? with Sm thick layer? Density of silver = 10.8g/cm*. 
Ans. t=193sec 
Se. 4 — 10.8 x М = 10.8 x 400 x 10+ 
= — ———-— ———— = х 
Р v 7 777 sgoxsx10? 7 i 
M =43.2 x 107 gm 
1. 
Eq. of Ag = 965 
43.2x107 xc SEE. = 193 
108 оо е 
Ехегсїзе 
1. What current strength in ampere will be required to liberate 10 g of chlorine from sodium chloride 
solution in one hour? 
Ans. 7.55 ampere 
2. A current of 2.68 ampere is passed for one hour through an aqueous solution of copper sulphate using 
copper electrodes. Calculate the change in mass of cathode and that of the anode. (at. mass of copper 
= 63.5). 
Ans. 3.1742 
3. In azine maganese dioxide dry cell, the anode is made up of zinc and cathode ofa carbon rod surrounded 
by a mixture of MnO,, carbon, NH,Cl and ZnCl, in aqueous base. 
The cathodic reaction may be represented as 
2MnO,(s) + Zn** + 2e—3 ZnMn,O (s) 
Let there be 8 g MnO, in the cathodic compartment. How many days will the dry cell continue to give 
a current or 4 х [0^ ampere. 
Ans. 25.675 day 
CONDUCTANCE 
Introduction 


Both metallic and electrolytic conductors obey Ohm's law 
ie. V — IR 
where V = Potential difference in volt; I= Current in ampere ; R = resistance in Ohm 


We know, resistance is directly proportional to length of conductor and inversely proportional to 
cross sectional area of the conductor. 


Rx 1 R= F =$ ifi М t 
A or PA ( P= Specific resistance ) 
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Specific resistance is the resistance ofa conductor having lengths of | cm and cross sectional 
area of ] cm’, 
Unit of R is ohm and unit of specific resistance is ohm cm 


Reciprocal of resistance is called as conductance and reciprocal of specific resistance is called 
as specific conductance. 


1 1A A 
OT oc CK- 


where C = conductance ohm”! ; К = specific conductance ohm"! cm . 


Mho and siemens are other units of conductance 
K=/¢ 
A 
Specific conductance= Cell constant x Conductance 
k=G*xG 


SPECIFIC CONDUCTANCE IS CONDUCTANCE OF 1 СМ? OF AN ELECTROLYTE SOLUTION 


In case of electrolytic solution, the specific conductance is defined as the conductance ofa solution of 
definite concentration enclosed in a cell having two electrodes of unit area separated by | cm apart. 


Equivalent Conductance 
Equivalent conductance is the conductance of an electrolyte solution containing 1 gm equivalent 
of electrolyte. It is denoted by ^ . 
^-Kx V 
(^ -ohnr! em! х cn? = ohm em?) 
Usually concern ration of electrolyte solution is expressed as C gm equivalent per litre. 
1008 


C 
{Volume having 1 gm equivalent electrolyte in the solution} Thus, л=К x = 


Molar Conductance 
Molar conductance may be defined as conductance of an electrolyte solution having | gm mole 
electrolyte in a litre. It is denoted by л. 
^a K*V 
Usually concentration of electrolyte solution is expressed as “М” gm mole elecrtrolyte per litre. 


Thus y= 
M 


A,,=Kx—— 
Hence, m M 


Relation between ^ and A^ m? A anA 


Saved /storage/emulated/0/Pictures/TouchShot/ 


- 


20170809 001518 


* ma 


DETERMINATION OF 4" OR л? 


Aplotof л, vs VC as found experimentally is as shown below graphically. 


a -—— 


The ^, vs {С plotofstrong electrolyte being linear it can be extrapolated to zero concentration. 
Thus, ^,, values of the solution of the test electrolyte are determined at various concentrations the 
concentrations should be as low as good. 


^,, Values are then plotted against .{C when a straight line is obtained. This is the extrapolated to zero 
concentration. The point where the straight line intersects ^ axis is d of the strong electrolyte. 


However, the plot in the case weak electrolyte being non linear, shooting up suddenly at some low 
concentration and assuming the shape ofa straight line parallel to л, axis. Hence extrapolation in this 
case is not possible. Thus, ^, ofa weak electrolyte cannot be determined experimentally. It can, however, 
be done with the help of Kohlrausch's law to be discussed later. 


Is electrolytic conductance depends on temperature ? 


Kohlrausch's Law of Independent Migration of [ons 
Kohlrausch determined ^, values of pairs of some strong electrolytes containing same cation say KF 
and KCl, NaF and NaCl etc., and found that the difference in ^, values in each case remains the same: 


ло (KCI) - ло (КЕ) = до (NaCl) – до (NaF) 


Не азо detemined ^, values of pairs of strong electrolytes containing same anion say KF and NaF, KCI 
and NaCl etc.and found that the difference in ^, values in each case remains the same. 


^b (KF) ~ ло (NaF) = A9 (KCI)— ло (NaCl) 


This experimental data led him to formulate the following law called Kohlrausch's law of independent 
migration of ions. 


At infinite dilution when dissociation is complete, every ion makes some definite contribution towards 
molar conductance of the electrolyte irrespective of the nature of the other ion which with it is associated 
and that the molar conductance at infinite dilution for any electrolyte is given by the sum of the contribution 
of the two ions. Thus, 


0 = 50 ‚10 
fea FR: 
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Where 39 is the contribution of the cation and 2? is the contribution of the anion towards the molar 
conductance at infinite dilution. These contributions are called molar ionic conductances at infinite dilution. 
Thus, 30 is the molar ionic conductance of cation and }° is the molar ionic conductance of anion, at 
infinite dilution. The above equation is, however, correct only for binary electrolyte like NaCl, MgSO, etc. 


APPLICATION OF KOHLRAUSCH'S LAW 


(1) 


(a) 
(b) 
(c) 


Q) 


(3) 


Determination of ло, ofa weak electrolyte: 


Inordertocalculate д? ofa weak electrolyte say CH,COOH, we determine experimentally до values 
ofthe following three strong electrolytes: 

A strong electrolyte containing same cation as in the test electrolyte, say НСІ 

A strong electrolyte containing same anion as in the test electrolyte, say CH, COONa 

A strong electrolyte containing same anion of (a) and cation of (b) i.e. NaCl. 


^U of CH,COOH is then given as: 
A! (CH,COOH) = A! (НСІ) + A9 (CH,COONa) — 9 (NaCl) 


Proof: 
AGC Ita ны (i) 
ле (СН,СООМа) = ey, у + aaa (ii) 
AL ОС) = AR әәә (iii) 
Adding equation (i) and equation (ii) and subtracting (iii) from them: 


0 0 ‚0 
„ „9 = Е = 
ло (НСІ) + леси ,соомау — (NaC) Ан" * ^ cu,coo*) 7 ^0‹Сн;соон) 


Determination of degree of dissociation (a) : 


No.of moleculesionised ыбы 


a = A Pe EP — 
totalnumberof moleculesdissolved ло, 


Determination of solubility of sparingly soluble salt 


The specific conductivity of a saturated solution of the test electrolyte (sparingly soluble) made in 
conductivity water is determined by the method as described above. From this the specific conductivity 
of conductivity water is deducted. The molar conductance of the saturated solution is taken to be equal 


to ло as the saturated solution of a sparingly soluble salt is extremely dilute. Hence from equation (4). 


where C is the molarity of solution and hence the solubility. 
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Illustration 

1. 1.0 N solution of a salt surrounding two platinum electrodes 2.1 cm apart and 4.2 sq cm in area 
was found to offer a resistance of 50 ohm. Calculate the equivalent conductivity ofthe solution. 

Sol Given /=21ст,а=4.2 sq. cm, К = 50 ohm 
Specific conductance, к = i = 4 

21 1 о 
ог к= 42 х 50 ~ 0-01 ohm" cm" 
Equivalent conductivity = кх V 
V =the volume containing 1 g equivalent = 1000 ml 
So . Equivalent conductivity = 0.01 x 1000 = 10 ohm" cm equiv” 

2. The equivalent conductances of sodium chloride, hydrochloric acid and sodium acetate at infinite 
dilution are 126.45 , 426.16 and 91.0 ohm" cm? equiv", respectively at 25 "C. Calculate the equivalent 
conductance of acetic acid at infinite dilution. 

Sol According to Kohlrausch's law, 

Ax CH,COONa x: ^ cu.coo- +h, =910 | | ... (1) 
Asua 7^ +Асг = 426.16 Хі) 
А.мс=А tAcr = 12645 ln (iii) 
Adding equations (i) and (ii) and substracting (iii), 
^ cu.coo- ths + А. e +a- - Ayat -Àer 
= 91.0 + 426.16 — 126.45 
A ice" * m = А„сысоон = 390.7 ohm" cm? equiv! 

3. The specific conductivity of a saturated solution of silver chloride is 2.30 x 10° mho cm“ 
at 25*C . Calculate the solubility of silver chloride at 25 °С ; 
if A , 761.9 mho enr mol" and hey = 76.3 mho cm? mol”. 

Li 
Sol _ Let the solubility of AgCI be s gram mole per litre 


Dilution = 1090 
ЛАС = À "x Ao = 61.9 76.3 = 138.2 mho ст? mol! 


Sp. conductivity x dilution = А дс = 138.2 


2.30 x 10° x 1000 = 138.2 
_ 2.30 x 10? 


TINM 1.66 x 105 mole per litre = 1.66 x 105 х 143.5 gL! = 2.382 х 10° gL" 
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Exercise 

1. Specific conductance of a decinormal solution of KCI is 0.0112 ohm” em". The resistance ofa cell 
containing the solution was found to be 56. What is the cell constant? 

Ans. 0.6272 cm” 

2; The specific conductivity of 0.02 M KCI solution at 25 °C is 2.768 x 10? ohm ' cm '. The resistance of 
this solution at 25 °C when measured with a particular cell was 250.2 ohms. The resistance of 0.01 M 
CuSO, solution at 25 °C measured with the same cell was 8331 ohms. Calculate the molar conductivity 
ofthe copper sulphate solution. 

Ans. 8.312 ohnr’ ст: mole? 

3. А 0.05 N solution ofa salt occupying a volume between two platinum electrodes separated by a distance 
of 1.72 ст and having an area of 4.5 ст: has a resistance of 250 ohm. Calculate the equivalent 
conductance of the solution. 

Ans. 30.56 ohm" ст? eq” 

4. A decinormal solution of NaCl has specific conductivity equal to 0.0092. If ionic conductance of Na* 
and СЇ ions at the same temperature are 43.0 and 65.0 ohm" respectively, calculate the degree of 
dissociation of NaCl solution. 

Ans. 0.85 


ELECTROCHEMICAL SERIES 


F;t2c —2F: 

SO +2¢— 2502 

Co” +e°— Co? 

PbO, +4H' + SOT" + 2с—» PbSO, + 2H,0 
MnO} + 8H' + 5е-—› Мп?' + 4Н,0 

Аш?" + 3e°—> Au 

Cl, + 2e° —> 2С] 

CrO? + 14H* + бе —À 2Cr* + 7H,0 

О, + 4H" + 4e —> 21,0 

Br, + 2е- —э 2Br 


NO; + AH* *3e —> NO + 2H,0 


> 
2Hg** +2е-——› Hg; 


Си?* +h +e—> Cul 
Ag'*c — Ag 
Hgj' +2c-—> 2 Hg 
Fot + ¢ — Fe? 


1,+2e°—> 2 
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Reduction half cell reaction 


Си? +e—> Cu 

Си?" + 2с — Си 
Hg,Cl, + 2e—>2Hg + 2С1- 
AgCI + c —>Ag+Cl 
Си?* + c —э Cu’ 
Sat! + 2c —э Sn?” 
2H" +20 —>H, 

Fe” + 3e° —» Fe 

Pb** + 2е- —› Pb 
Sn** + 2e° —> Sn 

Agl + e —> Ag +I 
Ni?* + 2e°——> Ni 

Co** + 2е- ——› Co 
Cd?* + 2с-— Cd 
Cr* + е —э Сг" 

Fe% + 2с —> Fe 

Cr + 3с —э Сг 

Zn? + 2c — Zn 
2Н,0 + 2c —25 Н, + 20H: 
Mn?* + 2е7 —> Mn 
АР" + 3с —» AI 

Н, +2е7—» 2H- 

Mg + 2e —» Mg 
Na* + e ——» Na 

Са?* + e —» Ca 

Ва?” + 2е-—› Ba 

Cs + e —Cs 

K**e —K 


Li* +e —> Li 
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SOLVED EXAMPLES 


OBJECTIVE 


Q.1 


Ans. 
Sol. 


Q.2 


Ans. 
Sol. 


Q.3 


Ans. 
Sol. 


QA 


Ans 
Sol. 


On passing C amperes of current through an electrolyte solution for t seconds, m gram of metal deposits 
on the cathode. The equivalent weight of the metal is 


Ct C 
(А) 7mx96500 В) n . 96500 (©) 96500xm Z, xi (D)C*tx 96500, 
(С) 


| Faraday, that is, 96500 coulombs deposits 1 gm equivalent of the substance. Now 
C xt amount of electricity deposits *m* gm of substance 


96500 x m 


96500 C amount of electricity deposits = C4 


= equivalent weight 


One coulomb is equal to 

(A) 96500 Faraday (B) charge on 6.24 x 10’ electrons 
(C) charge on 1 electron (D) none of the above 

(B) 

Charge on 6.023 x 10?? electrons = 96500 C 


6.023x10?* 


96500 = 6.24x10"* electrons. 


So, 1 coulomb would be the charge on 


If three Faradays (Е) of electricity is passed through the solutions of AgNO,, CuSO, and AuCl,, the 
molar ratio of the cations deposited at the cathode is 

(A)1:1:1 (B)1:2:3 (С)322:1 (D)6:3:2 

(D) 

Since Ag” +e" — Ag, Си?* + 2e° > Cu, Au** + 3e^ > Au, three Faradays of electricity will deposit 
3 moles of Ag, 1.5 moles of copper, and 1 mole of gold. Therefore, the molar ratio is 3 : 1.5: 1 or 
6:32. 


During electrolysis of a concentrated aqueous solution of NaCl, the product at the cathode is 

(А) Na (B) Cl, (C) O, (D)H, 

(B) 

Chlorine gas is produced as chloride ions need a less voltage for oxidation to chlorine than needed by 
H,O for oxidation to О, (This extra voltage needed by water is called over voltage). 


Two Pt electrodes fitted in a conductance cell are 1.5 cm apart and the cross-sectional area of cach 
electrode is 0.75 cm?. The cell constant is 


(A) 1.25 (B)0.5 cm (C) 2.0 em! (D)0.2 стг! 
(C) 
Cell =< „15 220m 

ell constant = т = 75 20cm 
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Ans. 


Sol. 


Q.7 


Ans. 
Sol. 


Q.8 


Ans. 
Sol. 


The ionisation constant of a weak electrolyte is 25 х 105 and the equivalent conductance of its 0.01 M 
solution is 19.6 S cm? eq'!. The equivalent conductance at infinite dilution of the electrolyte in 
S ст? еҷ! is 


(А) 250 (В) 196 (С) 392 (0) 384 
(С) 

НА === H +A 

С о о 

C-Ca Ca Ca 

Or K-Ce Or 25х10%= 1072, a? 

Ог а=5х 102 АІѕоа = = = EE or, = Lo = 392 S cm ед! 


How many c.c. of oxygen is released by a current of 2 A flowing for 3 minutes and 13 seconds in 
acidulated water? 


(A) 11.2 c.c. (B) 33.6 c.c. (C) 44.8 c.c. (D) 22.4 c.c. 
(D) 
Q=2x 193 =386C 


1 
H,O > H, + 50, 


1 
And, O^ — 50,+ 2е- 
2 mole of electrons = 2 x 96500 C give 1/2 mole of oxygen i.e., 11,200 cm’. 


386x11,200 _ 


So, 386 C will give "2x96,500- 


224 c.c. of oxygen. 


The cost of electricity required to deposit 1 g of Mg is Rs. 5.00. How much would it cost to deposit 10.0 
g of AI? (Al= 27, Mg = 24) 


(A) Rs.10.0 (B) Rs. 27.0 (C) Rs. 44.44 (D) Rs. 66.67 
(D) 
Mg" *2e- > Mg 
, - , | 2х96500 
Quantity of electricity required to deposit 1.0 g of Mg= — ^ 
APt+3e Al. 
> г» ; . 3x 96500 
Quantity of electricity required to deposit 10.0g ofAl = UM * 10 
3x96500 10x5x24 
Que = Rs. 66.67 


27 2x96500 
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1 
Q.9  Thestandard electrode potential (E?) for ОСТ/СГ and Cl > СІ, respectively are 0.94 V and -1.36 V. 


1 
The E? value for ОСГ/ 5 СІ, will be 
(A)-0.42 V (B)-2.20 V 
Ans. (С) 


Sol. Тһе given half cell reactions can be written as 
(i) ОСГ + HO + 2e — СГ + 20H" 


1 
(ii) Cr 5;Ch*e 


1 
(ш) ОСГ+Н,0 +е ә 5 Cl, + 20H- 


Now consider free energies (AG? = -пЕ°Е) 
AG,° = AG,? + AG,? 


-l x F x E,° = –2 x Е(0.94) – 1 x F(-1.36) 
32=2 х 0.94 – 1.36 - 0.52 V 


0.10 Thee.m.fofthe following cells is given 
Cu |Cu?* QM)| Ag? (IM)| Ag 


|а ам)|си? ам Си 


The e.m.fof the cell 
Zn|Zn** ам, Ag (IMDAg is 
(A) 1.56 V (B) 0.64 V 
Ans. (A) 
; Y. B =0.4 
Sol. (i) ‘eine E P cg AO V 
" ° лм ° =f. V 
(ii) E / Cu IET ‘Zn ay 
On adding (i) and (ii) 
Е. -E „‚ -156V 
Ag'/Ag X Zn^ /Zn 


(C) 0.52 V 


(C)-1.56 V 


2 


(D) 1.04 V 


E,?-0.94 V 


y --136 V 


oz) 
E, =” 


E° = 0.46V 


Е° = 1.10V 


(D) 2.02 V 


Q.11 Ahydrogen electrode is dipped in a solution of pH = 3.0 at 25°C. The potential of the cell will be 


(A)0.177 V 
Ans. (C) 


(B)0.087 V 


1 
So. Н” (а) +е ә 5 Н, (0) 


(С) 0.177 V 


(D) 0.059 V 
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Q.12 


Ans. 
Sol. 


Q.13 


Ans. 
Sol. 


Q.14 


Ans. 
Sol. 


pape 0059 E _ 0.059 - 
"S = (н) p P 
Or = – 0.059 x 3 = -0.177 
In the cell 
Zn|Zn?* (C, | cv?* (C, Си 
E 47 Ес = 0.0591 V. The ratio of C,/C, at 298 К is 
(A)2.0 (B) 100 (C) 1072 (D) 1.0 
(C) 
Zn + Cu** > Zn™ + Cu 
0.0591 ш Т 
Ед cell ^ ? log С. 
| 0091, G си ИИС: P 
Ог 0.0591 = – 2 log ral Or log cj" or С, =antilog 5 = 107 


The solution of nickel sulphate, in which a nickel rod is dipped, has been diluted 10 times. The potential 
of the nickel electrode 

(A) decreases by 60 mV (B) increases by 30 mV (C) decreases by 30 mV (D) increases by 60 mV 
(C) 

№2' + 2e — Ni (s) 


ou 0059. 1 
«ЕР=. log т 
Ж 0.059 10 
After dilution E = E°- —>— log = 


0.059 
2 


Therefore, the potential decreases by log 10 = 0.0295 V or 0.03 V or 30.0 mV. 


Given standard electrode potentials 
Fe + 2e — Fe;E°=-0.44V hacen (1) 
Fe*«3e—Fe;E?--0.000V м) ...... (2) 
The standard electrode potential Е° for 


Fet +e — Fe?" is 


(A)-0.476 V (B) -0.404 V (C) 0.404 V (D) *0.772 V 
(D) 
Fe?! + 2e — Fe AG, =-пЕ° Е = —2Е (0.44) = 0.88Е ......... (1) 


Fe + Зе — Fe AG,° =-пЕ° F =-3F (—0.036)=0.108Е — ......... (2) 
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On substracting (1) from (2) 
Fet + e — Fe% or AG? =-0.772 Е 


0.7 
Or Аб°=-пЕ°Е =-0.772 F Or E°= = 0.772 V 


SUBJECTIVE 
Q.15 Consider the cell 


Zn Zn^' (aq.1.0M си (а9.1 0M )Cu 


The standard reduction potentials are 0.350 V for Cu?* (aq) + 2e- > Cu and 
— 0.763 V for Zn^* (aq) + 2e > Zn 
(a) What is the cell reaction? 
(b) Calculate the e.m.f of the cell. 
(c) Is the cell reaction spontaneous? 
Sol Anodic reaction: Zn — Zn^'(aq) + 2e 
Cathodic reaction: Cu** (aq) + 2e- — Cu 
Overall reaction: Zn + Си?* (aq) > Zn^* + Cu 


e.m.fofthe cell E^, E? — Е? = 0.350 -(-0.763) 2 1.113 V 


Since E° 


n positive, the AG of the reaction (= -nEF) will be negative and so the reaction is spontaneous. 


Q.16 Calculate the electrode potential of a copper wire dipped in 0.1 M CuSO, solution at 25°C. The 
standard electrode potential of copper is 0.34 V. 


Sol Тһе electrode reaction is Cu?* + 2с > Cu(s). 


By using Nernst equation, E = E? — 94591 log 
2 [Cu?*] 
0.0591 1 
Or E=034- 2 юв; = 0.34 — 0.02955 


= 0.31045 V 


Q.17 The standard reduction potential of Cu?*|Cu and Ag*|Ag electrodes are 0.337 V and 
0.799 V respectively. Construct a working cell with positive e.m.f. If the concentration of Cu?* ions is 
0.01 M, then for what concentration of Ag" will the e.m.f of the cell be zero at 25°C? 
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Sol. 


Q.18 


Sol. 


Since the reduction potential of silver electrode E t re is higher than copper electrode, the half cell 
Ag |Ag will constitute the cathode of the cell and the cell is 
Cu/Cu^]Ag']Ag 
The cell reaction is Cu + 2Ag' > Cu? + 2Agand the standard e.m.f 
E? = 0.799 — 0.337 = 0.462 V. 
The Nemst equation for the cell is 


005931. [cw] 


cot = Eja 7 2 ов [Ag 


0.0591 [0.01] 


Or  E,-0-0462- 5529. log ———; 
" 2 [^e] 
0.01 
Or log NES. a E 
[ag] 0.0591 
-2 -1 5.634 
Or 2108 [А8"]= 08 [0.01]-15.6345= DLL =-8.8173 


Or [Ag*] = 1.523 x 10° M 


A cell contains two hydrogen electrodes. The negative electrode is in contact with a solution of 10 M 
hydrogen ions. The e.m.f of the cell is 0.118 V at 25°C. Calculate the concentration of hydrogen ions at 
the positive electrode. 


The cell is 


Pt[H, (g)(1 atm) H* (0-5 м )Їн`Їн ‚(а)(1 atm)| Pt 
1 
Atanode: > Hy, (H*), + e 


1 
At cathode: (H*), * e^ > 2 H, 


Overall reaction = (H*), — (H^) 


л RT (n* 
The cell potential is Е „= E^ , -— lo 
P cell cell nF g (н + k 
0.059 10° 
Or 01$ V=0-— befir] Or [H'] = 10^ M 
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Q.20 


Sol. 


Q.21 


Sol. 
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Q.19 Zinc granules are added in excess to 500 mL of 1.0 M nickel nitrate solution at 25°C until equilibrium is 
reached. If the standard reduction potential of Zn^*.Zn and Ni**.Ni are -0.75 V and 0.24 V respectively, 
calculate the concentration of Ni** in the solution at equilibrium. 


The cell reaction is Zn + Ni!* — Zn?* + Ni. 


E°”, the standard e.m.f, is -0.24 — (-0.75) = 0.51 V. 
The equilibrium constant of the reaction К is [AG? =—nE°F = -RT In К], 
given by the expression 


nE'F (2 х 96500Стю1-!)(0.51) 


log K= 5303 RT. (2.303)(8.314JK)(298) 


Or K=1.78 x 1077 
Let ‘x’ be the concentration of 212° ions. Then 


Zn(s) + Ni™ (aq) 


Zn% (aq) + Ni(s) 


L0-x 
K-178 pns lm] x K(1.0-x)= 
.78 x [xi] (10-4) 9' (lL.0-x)7x 
x = K(.9) 1.0M 
1+K 
a4 [Za] 10M _ P 
re “length 8" M 


How many coulombs of electricity are required for the following reactions? 

(i) 1.0 mol of Cu?* to Cu and 

(ii) 1.0 mol of KMnO, to MnSO, 

(i) The reaction is Cu?* + 2e- — Cu and for this the quantity of electricity required is 
2 Faradays, as two mole of electrons are involved. Therefore, 2 x 96500 = 193000 coulombs of 
electricity is required. 

(ii) For the reaction MnO to Mn**, 5 moles of electrons are involved Mn?* + 5e- — Mn?* and for 
this the quantity of electricity required is 5 x 96500 = 482500 coulombs. 


How longa current of 3 A has to be passed through a solution of silver nitrate to coat a metal surface 
of 80 cm? with a 0.005 mm thick layer. Density of silver is 10.5 gem™. 


Volume of metal to be deposited = (80 cm?) (0.0005 ст) = 0.04 cm? 
Mass of metal to be deposited = (10.50.04) = 0.42 gm 


0.42 
Amount of silver to be deposited = TUE =3.889x10 moles 


Amount ofelectricity necessary — 3.889 El 10? x 96500 C mol! = 375.27 C 
(moles) 


75.27 


Time for which 3 A current is to be passed = 7 125.09 sec. 
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Sol. 


Q.23 


Sol. 


Q.24 


In a fuel cell, hydrogen and oxygen react to produce electricity. In the process, hydrogen gets oxidised 
at the anode and oxygen gets reduced at the cathode. If 67.2 L of H, at STP reacts in 15 minutes, what 
is the average current produced? If the entire current is used for electro-deposition of copper from 


copper (II) in solution, what mass of copper is deposited? 
Anode reaction: H, + 20H-  2H40 + 2e 


Cathode reaction: О, + 2Н,0 + 4e э 40H- 
ya 67.2 
Amountofhydrogen oxidised = 024" 3 moles 
Amount of electrons produced = 2 x 3 moles of electrons 
Electricity produced = 2 x 3 x 96500 C 
Current produced = 2 x 3 x 96500 / 15 x 60 = 643.33 A 
1.0 mole of copper gets deposited by the absorption of 2 moles of electrons 
Amount of Cu deposited = 3 moles 
Or, mass of Cu deposited = 3 x 63.5 = 190.5 gm 


During the discharge ofa lead storage battery, the density of sulphuric acid fell from 1.294 g m L”! to 
1.139 gm 17'. Sulphuric acid of density 1.294 g mL- is 39% H,SO, by mass and that of density 1.139 
g mL is 20% H,SO, by mass. The battery holds 3.5 L of acid and the volume remains practically 
constant during the discharge: Calculate the number of ampere hour for which the battery has been used. 
The reactions are 

Pb + SO; — PbSO, + 2e (charging) 

PbO, + 4H* + SO, + 2e — PbSO, + 2H, (discharging) 
Mass of H,SO, (initially) = 3.5 x 10? x 1.294 = 4529 gm 


39 
Actual mass of H,SO,= 100 * 4529 = 1766.3 gm 


Mass of H,SO, in the end = 1.139 x 3.5 x 10° = 3986.5 gm 


20 
Actual mass of H,SO, = Too * 3986.5 = 797.3 gm 


Mass of H,SO, consumed = 1766.3 — 797.3 = 969.0 gm 


969 
Moles of H,SO, consumed = 98 = 9.88% moles 


Amount of H* consumed = 2 х 9.888 moles (since H,SO , has 2H). In the discharge reaction, 4 moles 
of H* are consumed per 2 moles of electrons. Therefore, electrons discharged (2 x 9,888) x 2/4 = 
9,888 moles of electrons. So, the amount of electricity discharged = 9.888 moles x 96, 500 C = 
954192 C. 


Battery has been used for = 954192/60 x 60 = 265.05 ampere hours. 


19.0 grams of molten SnCl, is electrolysed for some time by using inert electrodes, until 
0.119 g of Sn is deposited at the cathode. No substance is lost during electrolysis. Find the ratio of 
masses of SnCl, and SnCl, after electrolysis. 


SoL 


Q.25 


Sol. 


Q.26 


Sol. 


39 


Cathode: Sn?* + 2e — Sn: Anode: Sn** — Sn*' -2e 
Since 0.119 g of Sn is deposited at cathode then 0.119 g of Sn** must have formed at anode (see the 
electrode reactions). So, a total of 2 x 0.119 g of Sn? are lost from the solution. 


E Мус, 
Mass of remaining SnCl, = 19 g- —-—* x Mon 
Mg, 
189.6 
== иы х2х0.119 =(19—0,379)= 18.621 g 
M 
_ © Sneh 260.2 
Mass of SnCl, formed = М X Msa 77119 x0.119=0.26 g 


m(SnCl,) _ 18.621 _ 71.62 
m(SnCl,) 0260 1 


How many grams of silver could be plated out on a serving tray by electrolysis ofa solution containing 
silver in +1 oxidation state for a period of 8 hours at a current of 8.46 amperes. What is the area of the 
tray if the thickness of the silver plating is 0.00254 cm? The density of silver is 10.5 g / cm*. 


и M (8.46)(8x 60x 60)(107.8) » 


=—.— = 272 
"SUE (96500 C mot!) а: 
272.18 
Volume of silver plated out V = — = "05. = 25.92 cm? 
2 
Area of tray plated = 0. T 54 = 10204.7 cn 


One of the methods of preparation of per disulphuric acid, H,S,O,, involve electrolytic oxidation of 
H,SO, at anode (2H,SO, > H,S,0, + 2H* + 2e7) with oxygen and hydrogen as 
by-products. In such an electrolysis, 9.722 Lof H, and 2.35 LofO, were generated at STP. What is 
the weight of H,S,O, formed? 


43.498 
Equivalent in oxidation process = Equivalent in reduction process 
Equivalent of [H,S.O, + O,] = Equivalent of H, 


n x2 + zn E 2 
н;5,0, 224 х4 = 224 х2 


"its. o, X2 + 0.4196 = 0.868 


пн,5,0, = 0.2242 т 


wt. of H,S,O, = 0.2242 х 194 = 43.49 gm 


Q.27 


Ans. 
Sol. 


Q.28 


Ans. 


Sol. 


A dilute aqueous solution of KCl was placed between two electrodes 10 cm apart, across which a 
potential of 6 volt was applied. How far would the K* ion move in 2 hours at 25°C? Ionic 
conductance of K* ion at infinite dilution at 25°C is 73.52 ohm! cm? mole"! 


3.29 cm 
ъ= pF 
velocity A 
M ^ Potential gradient  F 
distance/2x3600 _ 73.52 
6/10 96500 
dis ae КИЛИК EY 
istance = суу х 10 х2 = 3.29 cm 


Anacidic solution of Cu™ salt containing 0.4 g of Cu” is electrolyzed until all the copper is deposited. 
The electrolysis is continued for seven more minutes with the volume of solution kept at 100 ml and the 
current at 1.2 amp. Calculate the volume of gases evolved at NTP during the entire electrolysis. 
V(O,) = 99.68 mL, V(H,) = 58.49 mL, Total vol. = 158.17 mL 
solution of Cu salt electrolysed 
Cu? —> Cu 2H,0 —э О, * 4H' + 4е7 

reduction oxidation 
Initially Equivalent of Cu? = Equivalent of о, 


0.4 
х2 = A 


63.5 0*4 


No, released at anode = 3.14 x 10° 
charge transfer in next seven minutes 
— 1.2x 7x 60 
4717 < 96500 
eq. of H, released 
due to further reduction = 5.22 x 10° — n, = 2.61 x 10? 


eq. of O, released 


= 5.22 х 10° 


due to further oxidation = 5.22 x 10? => |o," 1.3 x 103 


Total volume of H, released = 2.61 x 10? х 22.4 x 100 ml 
= 58.49 ml 
Total volume of O, released = (3.14 x 10? + 1.3 x 103) x 22400 ml 
= 99,68 ml 
Total volume 58.49 + 99.68 = 158.17 ml 
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41 
Q.29 Estimate the cell potential ofa Daniel cell having 1 М Zn'* & originally having 1 M Си” after sufficient 
NH, has been added to the cathode compartment to make NH, concentration 2 M. 

К, for [Cu(NH,),]* =1 x 10", E" for the reaction, 

Zn + Си?* —> Zn** + Cuis 1.1 V. 


E°=0.610V 
Anode Cathode 
Zn|Zn? Cu|Cu? 
Cu? + 4NH, —> [Cu(NH,),]” 
Initially 1 M 
finally x 2M IM 
1x 102 = —L. 
x(2) 
х = 6.25 x 10-4 
for reaction Zn + Cu? —> Zn? + Cu 
c 009, [Zn?] 
IJE [Cu*?] 
0.059 1 


1—5 0867551079 


= 1.1 — (0.3895) = 0.610 V 


Saved /storage/emulated/0/Pictures/TouchShot/ 


— =_. .. =” 


20170809_001556.[рс 


= 


NITROGEN COMPOUNDS 


AMINES 


Amines are derivative of ammonia where one or more hydrogen atoms are replaced by alkyl or aryl 
groups. 


CLASSIFICATION 


(i) 


(ii) 


(iii) 


Amines are classified as being primary (1°), secondary tertiary (3°) on the basis of the number of alkyl or 
aryl groups attached to the nitrogen. 


Primary amines : 


CH, - NH. CH, - CH, - NH. а NE, 
Methanamine Ethanamine CH. 
(Methyl amine) (Ethyl amine) 2-methyl-1-propanamine 
(isobutylamine) 
Qon 
Cyclohexanamine 
Secondary Amine : 
CH, - NH - CH,- CH, (CH, – CH), N 
N-Methyl ethanamine N-Ethyl ethanamine 
(Ethyl methyl amine) (Dithylamine) 
Tertiary Amine : 
CH, - CH, 
* reo dec ' CH, - N - CH, - СН, – СН, 
. N -Dicthyl cthanamine 1 ч 
(Triethylamine) N-Ethyl, N-Methyl-1-propanamine 
(Ethymethyl propylaminc) 


When all the alkyl or aryl groups are same the amine is called simple", and "mixed" when these are 
different. Amines are divided into aliphatic amines and aromatic amines. In an aliphatic amines all the 
carbon bonded directly to nitrogen are derived from alkyl : In an aromatic amines one or more of the 
group bonded directly to nitrogen are aryl groups. 


m CH, 
я ; | 
Оч Он Оча 
; N-Methylamine 
Aniline : 3 
e ; SR N-Phenylamine Benzyl 
(1*-Aromatic amine) (2"-Aromatic amine) dimethyl amine 


(3" — alphatic amine) 


STRUCTURES 


The nitrogen atom of most amines is like that of ammonia; it is approximately sp* hybridized. The three 
alkyl groups (or hydrogen atoms) occupy comer ofa tetrahedron; the sp? orbital containing the unshared 
electron pair is directed towards the other comer. We describe the shape of amines by the location of 
the atoms as being trigonal pyramidal. 


r 


ў АУ. 


R 
R" 
(Structure of an amine) 


METHODS OF PREPARATION 


By the ammonolysis of alkyl halide : This method of preparation of amines involves nucleophilic 
substitution by ammonia огап amine molecule on an alkyl halide 


"усш. си 


(1*-Amines) 


To obtain the 1°-amine large amount of NH, is used. If alky] halide is taken in to excess then mixture of 
1°, 2^, 3° amines of quartnary salt is obtained. 


R 

— = So. Domck oh ©. ШӨ 

I MEI WU UT MELLON WUCONELATUOY ВА AES. 
1° amine 1° amine Quatcmary 


ammonium salt 


Gabriel Phthalimide synthesis : Pottasium phthalimide can be used to prepare primary amines by the 
method known as Gabriel synthesis. 


о үу у О 
о о ё 

\ | Wr. ous vr PR NH.- NH. 
c Р oe ы H.- NH : 

YN H KOH í > Kk LX N-R NH, - NH GR R >Í m 

„2 -H,O >| f С ' ку A Ethanol -— -NR 
Ü О b о 

Intramolecular 
acid base reaction 


ACC- CH-NITROGEN COMPOUND 3 


By Hofmann Bromamide degradation reaction : 


Primary amide react with solution of bromine or chlorine in sodium hydroxide or pottasium hydroxide to 
yield amines through a reaction known as Hofmann degradation or Hofmann rearrangement. 


li , 
R - C - NH,* Br,+ 4 KOH —*—> R - NH,* 2KBr + K,CO,+2H.0 


Mechanism 


о о 
re wee ee fx 


Il 
(I) R-C-N-H === R-C- N fno» R- C- - Br 
H H 
Amide N-Bromo acid ami 


(II) ty a QUEEN, —Br , o-c-N-R 


Alkyl iso cyanate 


TW. ? Ф 
.. a 9 

ш) R-N-c-o—9H. n. N-C-0 e——R-N-C-o Welle , R-NH-C=0 

(Ш) Acid base reaction 


| 


rO No 
R= NH, = R- NH + CO. 


Note : 


(i) Intermediate products of this reaction is R - C ~ NH-Br & R-N=C=O 

(ii) Migration of alkyl group is the r.d.s. (rate determine step) of the reaction. i.e. formation of 
К-М= С=О іѕ г... 

(ш) | Nochange takes place in the configuration of chiral carbon during migration of alkyl group. 


From Alkanoic acid (Schimdt Reaction) : 


R-C-O-H + М,Н LE; RNH,+ N, + CO, 
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(i) 


(ii) 


(iii) 


Mechanism : - 


_N=N 
R- C -OH + H9? —»gm- e OH —R- Cou HNN, cu OH 0, 


g GÀ, bu Сон 


| 


R-N Се _ 
>N " a R-N " NMN&N 
«———Ho-C*o0*H —"— H,0-C-0H ro all c | 
м 3C-OH -OH 
R-N-H di 
би Ке € E- N-C-O A. RNH, + CO, 
alkyl isocyanate 
Curtius Rearrangement : 
(1) NaN, 
ui а (i) H.O RNH, 
О 
Mechanisms 
о Oo о [9] 
i| 069 С |l өө ЖЕ: 
к-с-с—_——> BoP NaNe een eee 
CI 
О 
lye ө 
C-N-NzN——»0-C-N-R 
V 
An 
R-N=C= o E И ый ich MES DOMUS PAA ONE calo R 
OH он о 


The Lossen Rearrangment 
The thermal, acid or base catalysed, intramolecular conversion of hydroxamic acid and their O-acyl and 
O-aryl derivatives to isocyanate is called Lossen rearrangement. 


| 
(i) H 
C,H.-C-NH-OH ————> N 
(ii) HOA C,H.- NH, 


„Ө 
(i) OH 


C,H.- C - NH-0- C - CH, — , 
(ti) Н.О/А 


R - NH, 


Saved /storage/emulated/0/Pictures/TouchShot/ 


20170809-001649.] 


Mechanism 
{i) The base catalysed mechanism 


if o 


| 
R-C-NH-G (G-OH,O-C-CH,O- C - Ar) 


о о 
B e се "m 
к-Сәй-9 (Он—› REYN 1G —R-N-C-0+0 
NE | но 
| 
RNH, 
(i) ^ Theacid catalysed mechanism 
| | 
R-C-NH-O-Z (Z-H,-C-CH,-C-Ar) 
о ге 
| " MER - |. l 
R-C-NH-O-Z => R-C-NH-O-Z —> R-C-N®—> R-C- N —9R-N-C-0 
| HH х? [no 
RNH, 
By the Reduction of Nitriles and Iso-Nitriles 
H,, catalyst 
Инк ыйтан. Аии > e 
R—C=N or LiAIH, R CH, NH, (1° amine) 
экз ШАШ, " ; ' 
R—N=C —> RNHC H, (methyl substituted amine) 


(Оусна NaCN, (O)-ci.eN Mm (O)-ci. CH, NH, 


From Alkylchloride : 

R-Cl + H-NH, —222-» R-NH, + НСІ 

Note : In the above reaction Cu,0 neutralises the evolved НСІ in form of Cu4C 1, + H,O otherwise 
НСІ forms additional salt with amines. 


From Grignard reagent : 
R-Mg-Cl + CI-NH, ————> R-NH, + MgCl, 


From Alcohol: 


osasco 300°C 1 
RIOH*HTNH, нс R-NH, + H,O 


Note: 


By Aldehyde or Ketone (reaction with Н, and NH, in presence of catalyst) : 
Primary amine can be produced by passing a mixture of aldehyde or ketone and large excess of ammonia 
and hydrogen under pressure (20-150 atm) over raney nickel catalyst at 40-150°C. 


R,R,C-O + NH, — a ^ R,R,CHNH, 
Note: Small amount of secondary and tertiary amines are also produced in this method as by products. 


From Alkyl isocyanate (Alkaline Hydrolysis) : 
R-N-C-O + 2KOH — ——9 R-NH, + K,CO, 


From Aldoxime (By Reduction) : 


H H 
R-L-N-OH + 2H Ħu, R-È -N -OH — 55° R-CH,-NH, 
L d onn 
н H 


By reduction of Nitro compounds : Nitro alkanes are reduced catalytically to primary amine. 
(a  ByLiAlH, 
(b) By Metal and acid (commonly used Sn + НСІ or Fe + НСІ) 


(i) When reduction with metal is carried out in neutral solution e.g. with Zn dust & NH CI solution, 
nitro compounds are converted into N-alkyl hydroxy] amine. 


RNO, ——  RNHOH + 2H,0 


*NH,CI 


N-alkylhydroxyl amine 
(ii) When reduction of nitroalkane is carried out with SnCl, and conc. HCl, a mixture of 
N-alky! hydroxyl amine and oxime are produced. 


RCH;NO, ——2— RCH,NHOH + RCH = NOH 


N-Alkyl hydroxy amine Охіте 


BASIC CHARACTER OF AMINES 


Amines are relatively weak bases. They are stronger bases than water but are far weaker bases than 
hydroxides ions (ОНГ), alkoxide ions (RO ) and alkanide (К: ) anions. These react with acids to form 
salts. 


T 8 8 
R-NH,*tHX == R-—NH,+X 


Salt 
re eo 
NH, NH,CI 

+ HCI z— 
Anilne Anilinium 


chloride 


On reaction with a base such as NaOH, amine salt regenerate parent amine. 


e oe oe © 
RNH,X + OH —— —» RNH;* H,O + X 


BASICITY OF ALKANAMINES 


Primary alkanamines (RNI L) are more basic than ammonia (NH 3). Their reactions with proton can be 
used to compare their basicity. 


We can account for this on the basis of the electron-releasing ability ofan alkyl group (R). An alkyl 
group releases electrons towards nitrogen, so the unshared electron pair becomes more available for 
sharing with proton of the acid. The substituted ammonium ion thus formed, gets stabilized as a result of 
positive charge dispersal by + effect of the alkyl group. This makes alkylamines stronger bases than 
ammonia. 

This explanation is supported by measurements showing that in the gas phase, the basicities of the 
following amines increase with increasing methyl substitution : 


(CH,),N > (СН,), NH > CH,NH, > NH, 


This is not the order of basicity of these amines in aqueous phase, however. In aqueous phase, the 
substituted ammonium cations get stabilized by +1 effect of the alkyl group as well as solvation with 
water molecules. With a larger size of the ion, solvation and stability of the ion will be lesser. The stability 
order in aqueous phase is as follows : 


OH, 
| R „ H—OH, R 
R-N - H—OH, > X > в<%-н—он 
id K i—oH, K 
OH, 
1° 2° Ky 


When the stability ofthe substituted ammonium cation is greater, the corresponding amine as a base is 
stronger. The basicity order in aliphatic amines is 1*7 2° > 3°, This is the reverse of basicity order based 
on inductive effect. 


There is no steric hindrance to H bonding when the alkyl group is small. There is a difference in the 
basicity order in methyl and ethyl group and so on. Therefore, in aqueous state, inductive effect, solvation 
effect and steric hindrance of the alkyl group determine the basicity strength. The following examples 
show the basicity strength order in ethyl and methyl substituted amines. 


(C,H), NH > (C,H,),N > C,H,NH, » NH, 
(CH,) NH > (CH,)NH, > (CH,),N> NH, 


BASICITY OF ARYLAMINES 


The pK,, value of aniline is quite high because in aniline, the -NH, group is directly attached to the 
benzene ring. The following contributors make aniline a resonance hybrid : 


N GN KH NH NH 
NH, NH, 2 : 1 
&O0-— PT e —O 
[2 <= 
1 2 3 B 5 


Structure 1 and 2 are the Kekule structures that contribute to any benzene derivative. Structures 3-5, 
however, delocalize the unshared electron pair of the nitrogen over the ortho and para position of the 
ring. This delocalization ofthe electron pair make it less available to a proton, and delocalization of the 
electron pair stabilizes aniline. When aniline accepts a proton it becomes an anilinium ion : 


E Ф o 
C,H.NH, + Н.О < C,H,NH, + OH 
Anilinium 
ion 


8 
NH, NH, 


The higher the number of resonating structures, the greater is the stability. This makes aniline with five 
resonating structures more stable than the anilinium ion. Therefore, the basic nature of aniline or other 
arylamines is less than that of ammonia. 


PHYSICAL PROPERTIES 


(a) 


(b) 


(c) 


(d) 


- 


Like ammonia, amines are polar compounds and except 3° amines can form intermolecular H- bonds 
that’s why they have higher boiling points. 
Boiling points of 1°, 2° and 3° amines follow the order. 
1° > 2° > 3° amine. 
Unlike other organic compounds, amines are much more soluble in water. Because All amines form a 
stronger H- bond with water. 
Solubility in water follow the order. 
1° > 2° > 3° amine. 
Itisall due to H- Bonding. 


Boiling points of amines are lesser than alcohols and acids of comparable mol. weight. Because H- 
bonding in amines is less pronounced in 1? and 2? than that in alcohols and carboxylic acids. Because 
nitrogen is less electronegative than oxygen. 


Thus every question regarding boiling point can be answered on the basis of H - bonding. 
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CHEMICAL PROPERTIES 


(1) 


Alkylation reaction : Aliphatic amines undergo alkylation on treatment with an alkyl halide in a basic 
medium such as ammonia. 


Б Q © e 
R- NH, + R^ X — —— R- NH, - R*X 
Dialkyl ammonium 
cation 
R R 


le NH, =. 
R-N- C» R-NH+NH, 
H 


Note : - If alkyl halide is taken into excess then quartemary ammonium salt is obtained. 


Ex. CH,- ÑH, + CH, - Br ———> CH,- ÑH - СН, + HBr 


Methylamine 
(I-amine) 


.. 
і 


~ СН, + HBr 
L 


CH,- ÑH - CH, + CH, - Br ————> CH,- 


Q—z 


CH, E 
CH,-K- CH, + CH, - B—— —» | CH, -N- CH, Br 
CH, CH, 
Tatramthyl 


ammonium 
bromide 


Quarternary ammonium halides are converted into their corresponding hydroxides on treatment with 
moist oxide or methanolic KOH. 
[R, NJ X + AgOH ——»[R, N] OH + AgXd 


When a quaternary ammonium hydroxide is heated strongly, it decomposes to yield water, a tertiary 
amine and an alkene. For example Trimethyl-n- propylammonium hydroxide yields trimethylamine and 
propylene. 
CH, CH, 
le 2 6 | 
CH,- N- CH; CH,- CH, |ОН ———> СН, ~ T + CH," CH ~ CH,* H,O 
CH, CH, Propene 


The reaction is called Hafmann elimination reaction. 


Reaction with Grignard reagent : Since primary and secondary amines have active hydrogen, they 
on reaction with Grignard reagent give alkanes 


10 


Note: 


RNH, + CH,MgBr .. ** , CH, + RNH.MgBr 
R,NH + CH,MgBr s» , CH, + R,N.Mg Br 


Note: Tertiary do not react because of absence of active hydrogen. 


Reaction with Aldehydes and Ketone: 
RNH, +CH,CHO — RN = CHCH, + H,O 
(schiff's base or anil's base) 
Acylation : 1° and 2° amines react with acetyl chloride or acetic anhydride to form acetyl derivatives. 


R-NH, + CH,COCI ——» RNHCOCH, + НСІ 
R-NH, + (CH,CO),0 ——— RNHCOCH, + CH,COOH 


(a) Tertiary amines donot undergo this reaction because of absence of replacable H- atom. 
(b _ When Benzoyl chloride is used in place of acetyl chloride reaction is called “Schotten - Baumann’ 
reaction. 


Oxidation : All three are oxidised in different ways depending upon conditions of oxidation. 


(a) Primary Amine : Oxidised to aldehydes and ketones. 
RCH,NH, -El R-CH -NH —*2., R-CHO + NH, 


aldimine aldehyde 
R,CHNH, —— — э С = МН 9 RC = O+NH, 


кар ketone 


(b) Secondary Amine : 
2R,NH —2L, 3, R,N-NR, 


ењ hydrazine) 
R,NH . esas , R,N-OH 
(dialkyl hydroxylamine) 


(c) Tertiary Amine : Resistant to KMnO, but oxidised by neutral and aqueous Н,О, in cold 
to form trialkyl amine oxide. 


Salt formation: Amine forms salt with mineral acids 
RNH, —Н© , [RNH,] "D 
К,М+ НС  —— [R,NH]* CI 


(a) 


(b) 


Note : 


(с) 


11 


These salts may undergo dealkylation at higher temp. 
For example : C,H;NH,*Cl —;— С,Н,СІ + NH, 


Reaction with HNO, : This reaction distinguishes 1^, 2° and 3" alcohols. 


Primary Amine : Except methyl amine, reaction happens at ordinary temp. to evolve N, Gas. 


Methylamine reacts in different way: 

CH,NH, -2HNO, ——>CH,-O-N = O + N, + H,O 
methyl nitrite 

2CH,;NH,+ 2HNO, ——»CH,-O-CH, + 2N,+ 3H,O 
dimethyl ether 


Secondary Amine : Form nitroso amines with HNO, (No N, gas is evolved) 
RNH + HNO, ——> R -N-N=0+H,0 
(yellow) 


These nitroso amines formed, on warming with phenol and conc. H,SO, give a brown or red colour 
changing to blue or green on further addition of an alkali, colour changes to red. This test is called 
Libermann’s nitroso test and used for identification of 2° amines. 


Tertiary Amine : These are inert to HNO, but being basic in nature forms salts with it. 


o 9 


Reaction with water : Amine gives alkyl ammonium hydroxides which dissociate into ions- 
RNH, *H,O === RNH,OH === RNH,*+ OH - 


Isocyanide test or Carbylamine reaction : 
Primary amines when heated with chloroform and ethanolic KOH solution, alkyl isocyanides is produced 
which have characteristic foul smell. This reaction is characteristic to the primary amine. This test is 
known as carbyl amine test or isocyanide test. 


RNH, + CHCI, + 3KOH ——>RNC + 3KCl + 3H,0 


Mechanisms 
The reaction proceeds via the formation of dichloro carbene (:ССІ,). 


CI a 
$ Y z Ka —— ССІ, 


OH +- H-C-CI ——3 HO + C-A 


9 CI Tta 
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Se Za 
R-ÑH,+ АС (Electron deficient species) O— Vacant orbital 


(у 


———эк-АХН-С-С1+ С^ 


Reaction with Hinsberg reagent : This is a method for separation of 1° , 2° and 3° amines Hinsberg 
Reagent is 

C, 1;-SO,-C 1. (Benzene sulphonyl chloride) 

RNH, + Cl - SO,-C,H; —> R-NH-SO,-C,H, + HCl 


(a) = Primary amines form N—Alkyl benzene sulphonamide 
H 


| 
(оу-ѕоренув 7 —S0,-N-R+Ha 
| N-alky! benzene sulphonamide (ppt ) 


1^ amine 


(b) Secondary amines form N, N-dialkyl benzene sulphonamide 


T 
-N-R *HCI 
| N N-diatkyl benzene sulphonamide (ppt.) 
R 
wm 


(c) Tertiary amines do not react because they do not possess a replacable Hydrogen atom. 


Hofmann Mustard oil reaction: A 1° amine reacts with CS, and then with НЕСІ, to form iso thiocy- 
anate having pungent smell of mustard oil. 


NHR 
2RNH, +5 = c=s—s=c[ —5€ ,R-N-C-S-*RNH, + HgS +2НС1 


alkyl isothiocyanate 


Saved /storage/emulated/0/Pictures/TouchShot/ 


20170809 001709 


* ane 


13 


Reaction with Nitrosyl chloride (TILDEN’S REAGENT) 
R-NH, + NOCI ——> R-Cl + N, + H,O 
Reaction with Caro's acid [H,SO,] : 


With caro’s acid, the oxidation products of primary amine are also dependent on the nature of the alkyl 
group present in the amine. 


OH 
RCH,NH Ы -с< 
гг а RCH;NHOH + КСН = МОН + R Cz. NOH 
(N-alkyt (aldoxime) (hydroxamic acid) 
hydroxyl amine) 


R,CHNH, — PL RC = NOH (ketoxime) 


R,CNH, —PL— R,CNO (nitrosoalkane) 


SEPARATION OF MIXTURES OF AMINES 


Hinsberg method 
This involves the treatment of the mixture with benzene sulphonyl chloride (Hinsberg Reagent) and 
KOH. 
(a) _ Theprimary amine forms N-alkyl benzene sulphonamide which forms a salt with KOH, which is soluble 
in water. 
H 
CgHSSO,C| + H-HNR ——> С,н,50, -N-R + на 
benzene sulphonyl 1? amine N-alkyl benzene sulphonamide 
chloride 
(b The secondary amine gives N, N- dialkyl benzene sulphonamide which is insoluble in KOH solution 
(c) The tertiary amine does not react at all. 


Hofmann method : This involves the treatment of the mixture with diethyl oxalate. 
(a) The primary amine forms a dialkyloxamide, which is a solid 
(b The secondary amine forms a dialkyl oxamic ester, which is an oily liquid. 
(c) The tertiary amine does not react at all. 


Fractional distillation : The mixture of primary, secondary and tertiary amines, may be separated 
by fractional distillation because their B.P’s. are quite different . This method is extensively used 
in industry. 
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Nitrens : (r E Ñ) 
These are defined as ‘the electron deficient species in which nitrogen has a sextet of electrons’ (six 
electrons in the outermost shell). They are highly reactive and act as strong electrophiles as they need a 
pair of electrons to complete the octet. The parent species is N- H, known as nitrene or imidogene or 
azene or imine. 


(I — Thenitrogen analogs of carbenes are called nitrenes. 
(2) — Thereis posibility of two spin states for nitrenes depending on whether the two non-bonding electrons 
(the normal nitrogen lone pair remains paired) have their spins paired or parallel. 


R- N*— These two are lone pair of electrons 
^ 


і 
These two may be paired or unpaired 
(3)  Ingeneralnitrenes obey Hunds rule and are ground state triplet with two degenerate sp-orbitals containing 


a single electron each. 


RGN. 
0 


sp-Triplet nitrene 
Preparation of nitrene: The simplest nitrene (NH) is formed when hydrozoic acid (N H) 15 irradiated 
with UV liquid in aromatic solvent. 
(i) М,Н —-, NH +N, 
ors 


Similarly 
H- NCO —* , XH + CO 
Reactions - Nitrene are highly reactive unstable compound and give the following 


Addition to alkenes : Nitrenes add on alkenes to form corresponding alkeneimine, a cyclic product. 
CH,CH =CH,+ H -N ——9 СН, cu- СН - СН, 
Propene Nitrene p / 


H 
Propencimine 


Addition to alkanes : Acetyl nitrene reacts with isobutane to form acetyl tert. butylamine. 


(CH,),CH + CH,CON ——9  (CH,),CNHCOCH, 
2-Methylpropane Acetyl Acctyl tert. butylamine 
nitrene 
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15 
Also photolysis of phenyl nitrene (on dimerization) forms azobenzene. 


2CH, - AD LUE Cen N-N-C,H, 


Phenyl nitrene Azobenzene 


| 
Applications : Nitrene have important synthetic applications particularly acyl nitrene (R – | - №, has 
been proposed as possible intermediate in the Hofmann, Curtius and Lossen rearrangements. 


Ness [жеш [Rams [тешек [modes | 
Hofmann bromamide Br./KOH R-N-C-0O | RNH, 
Schmidt Reaction Carboxylic acid N; HH" R-N-C-0O | К-МН, 


Oxamic acid & + - эга ан 


The beckmann Rearrangement 
The acid catalysed conversion of ketoximes to N-substituted amides is called Beckmann rearrangement. 
Acid catalysts used are proton acids (H,SO,, НСІ, H,PO дапа Lewis acids (PCI, SOC l, PhSO,CI, 
RCOCI, SO,, BF, etc.) 


cH,-c- cu, EL, cu c Nn ch, 
| (iD H,O 
N-OH 
CH 2 e 
Example: um ———2 CH, - C - NH - CH, 
CH,~ OH 
Mechanism 
С.Н. Ф „Н, | 
b (2 ——— NEM IO CH -ё@# cn ——> CH,- cEN-c „н, 
ДР 2d F №, © migration 3 wits АР 
CH, он CH, Spit, HO 
CH, -CzN- 
Р) 
OH 


565 


En iii 


о 
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Fritsch Reaction : 
Monohalogen derivatives of alkene in presence of strong base give the product containing carbon- 
carbon = bond & known as Fritsch reaction. 


Ph H 
E = 
сн cl | 


Ф 
Note : LDA is a very strong base. g Li 


Mechanisms 


PH "Fa" 


С=С —L— 
ы чы acid - base 
сн cl 


reaction 


Anti grou: 


migration CH, - C =C- PH 


CYANIDES, ISOCYANIDES, ALKYL NITRITES AND NITRO ALKANES 


General Characteristics 
(a) Compounds having the formula RCN are called alkyl cyanides or as nitriles of the acid which they 
produce on hydrolysis. 


(b) According to IUPAC system, cyanides are named as alkane nitriles, i.e., in the name of parent 


hydrocarbon ‘nitrile’ is suffixed. In naming the hydrocarbon part, carbon of the — CN group is also 
counted. 


CH,CN Methyl cyanide Ethane nitrile 
C,H,CN Ethyl cyanide Propane nitrile 
C,H;CN Propyl cyanide Butane nitrile 
C,H,CN Butyl cyanide Pentane nitrile 


(c) The compounds having the formula RNC are called isocyanide or isonitriles. The nomenclature of 
isocyanides is similar to cyanides. 


As isocyanides IUPAC names 
(Common name) 


Methyl isocyanide Methylcarbylamine 
(Methyl isonitrile) (Carbylamino methane) 


Ethyl isocyanide Ethyl carbylamine 
(Ethyl isonitrile) (Carbylamino ethane) 
Propyl isocyanide Propyl carbylamine 
(Propy! isonitrile) (Carbylamino propane) 


(d) 


(е) 
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Isocyanides are also named as alkane isonitrile. 
CH,NC Methane isonitrile 

C,H,NC Ethane isonitrile 

C,H;NC Propane isonitrile 


Hydrogen cyanide is known to exist as a tautomeric mixturc. (Diad forms) 


H—CsN«H-—Nzc 


Hence, it forms two types of alkyl derivatives which are known as alkyl cyanides and alkyl 
isocyanides. 


R—Ce#N В — № = С 
Alkyl cyanide Alkyl isocyanide 


ALKYL CYANIDES 


Methods of Preparation 


(i) 


(п) 


(ш) 


From alkyl halides : The alkyl cyanides are prepared by refluxing an alcoholic solution 
of an alkyl halide with potassium cyanide. The disadvantage of this method is that a mixture 
of nitrile and isonitrile is formed. 
RX + KCN (ог NaCN) — RCN + RNC 
Alkyl halide Nitrile Isonitrile 
(Major product) (Minor product) 


From Grignard reagent : Grignard reagent reacts with cyanogen chloride to form alkyl 
cyanides. 


D 

RMgX * ССМ — RCN + Ses 
Grignard Alkyl Cyanide 
reagent 

"T. „* 
CH;MgBr + ССМ ә  CH,CN + 89 
Methyl Cyanogen Methylcyanide 
magnesium chloride 
bromide 


From acid amides : Pure nitriles are obtained by dehydration of acid amides with phosphorus 
pentoxide. Amides are distilled with phosphorus pentoxide, P,O.. 


RCONH, — >=, RCN 
= -H;O 


CH,CONH, 595, CH,CN + H,O 

Acetamide Methyl cyanide 

Industrially, alkyl cyanides are prepared by passing a mixture of carboxylic acid and ammonia 
over alumina at 500°C. 


+ E 
RCOOH + NH, —À RCOONH, __403500:С , RCONH, жес: RCN 
Amide 


; -H20 Alkyl 
Acid Ammonium Salt Cyanide 
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(iv) From primary amines : Primary amines are dehydrogenated when passed over copper 
or nickel at high temperature to form alkyl cyanides. This is also a commercial method. 


RCH,NH, | —277— RCN + 2н, 
Primary amine 

Cu or Ni 
CH,CH,NH, ————  CH,CN + 2H, 
Ethylamine Methyl cyanide 


(v) From oximes : Aldoximes are converted into alkyl cyanides when distilled with phosphorus 
pentoxide or acetic anhydride. The dehydration of aldoximes occurs. 


H 

| P;0s 
R-C-NOH — po? R—CN + HO 
Aldoxime Alkyl cyanide 


PHYSICAL PROPERTIES 


(a) 


(b) 
(c) 


(d) 
(e) 


Lower members containing upto 15 carbon atoms are liquids, while higher members of carbon atoms in 
the molecule. 

Alkyl cyanides are neutral substances with pleasant odour, similar to bitter almonds. 

They are soluble in water. The solubility decreases with the increase in number of carbon atoms in the 
molecule are solid. 

They are soluble in organic solvents. 

They are poisonous but less poisonous than HCN. 


CHEMICAL PROPERTIES 


() 


(ii) 


Reaction with Grignard reagent : With Grignard's reagent, an alkyl cyanide forms a ketone which 
further reacts to form a tertiary alcohol. 
к й 
z H 
R—C =N + R'MgX и —e = NMeX —À? ,R — C = 0 + NH, + ML 


R R' К 
он 
R—¢ =0+R"MgX R— с — омех —u9., к—6 —OH + MK 
R" к 


Tertiary alcohol 


Reduction : When reduced with hydrogen in presence of Pt or Ni, or LIATH, (Lithium aluminium 
hydride) or sodium and alcohol, alkyl cyanides yield primary amines. 

RCN  —"— RCH,NH, 

Alkyl cyanide Primary amine 
However, when a solution of alkyl cyanides in ether is reduced with stannous chloride and hydrochloric 
acid and then steam distilled, an aldehyde is formed (Stephen's reaction). 
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R— Са № —*2"*, RCH=NHHCL — +> RCHO+NH,CI 
E" ^ Imine hydrochloride Aldehyde 


(i) Hydrolysis: Alkyl cyanides are hydrolysed by both acid and alkalies. On partial hydrolysis amides 
are formed while on complete hydrolysis acids are obtained. 


RCN — 2, RCONH, —7— RCOOH + NH, 
Alkylcyanide — Amide Acid 

CH,CN —= > CH,CONH, — => CH,COOH + NH, 
Methyl cyanide Acetamide Acetic acid 


(iv — Alcoholysis : When an alkyl cyanide is refluxed with an anhydrous alcohol in presence of dry НСІ, an 
imido ester is formed, which on hydrolysis with water forms ester. 


NH, 


I 
RCN + R'OH + HCI > К —H? , всоов + NH.CI 
Ester 


Uses : Alkyl cyanides are important intermediates in the laboratory synthesis of a large number of 
compounds like acids, amides, ester, amines, etc. 


ALKYL ISOCYANIDES 
Methods of Preparation 


(i) From alkyl halides : The isocyanides are prepared by refluxing an alkyl halide solution in alcohol with 
silver cyanide. The isonitrile is the main product but small amount of nitrile is also formed. 
R— X + AgCN ——RNC + RCN 
Alkyl halide Isocyanide Cyanide 
(Isonitrile) (Nitrile) 
Main product Minor product 
CH,Cl + AgCN —> СМС + CH,CN 
Methyl chloride Methyl isocyanide 
(Main product) 
This method is, thus, suitable for preparing isocyanides. 


(ii) From Primary Amines : (Carbylamine reaction) :Alky] isocyanides may be prepared by heating 
primary amines with chloroform and alcoholic potash. 
RNH, + CHCI, + ЗКОН — КМС +  3KCl- 3H,0 
Primary Chloroform Isocyanide 
amine 
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(iii) ^ From N-alkyl formamides : N-alkyl formamides when dehydrated with POCI, in presence of pyridine 


give isocyanides. 
i 
R—NH— C—H —— , R—N вес 
Pyridine 
N-alkyl formamide Isocyanide 


PHYSICAL PROPERTIES 


(a) Alkyl isocyanides are colourless, unpleasant smelling liquids. 

(b) __ Theyare insoluble in water but freely soluble in organic solvents. 

(c) The boiling points of isonitiriles are lower than corresponding alkyl cyanides. 
(d) Isonitriles are much more poisonous than isomeric cyanides. 


CHEMICAL PROPERTIES 


(i) Hydrolysis : Alkyl isocyanides are hydrolysed by dilute mineral acids (but not by alkalies) to form 
primary amines. 
RN =C + 2H,0 —— RNH, + HCOOH 
Alkyl isocyanide Primary amine Formic acid 


(ii) Reduction : When reduced with nascent hydrogen or hydrogen in presence of nickel, isocyanides form 
secondary amines containing methyl as one of the alkyl groups. 


К —N =C + 4H —— RNHCH, 
Alkyl isocyanide Secondary amine 


(iii) Action of heat : When heated for sometime at 250°C, a small amount of isonitrile changes 
into isomeric nitrile. 
RNC . »* , RCN 


(iv) Addition reaction : Alkyl isocyanide give addition reactions due to presence of unshared 
electron pair on carbon atom. 


R:iNizC:orR—N=C 


The following are some of the addition reactions shown by alkyl isocyanides. 
RNC + Х,———› RNCX, Alkyl iminocarbonyl halide 


(Halogen) 
RNC+S —— RNCS Alkyl isothiocyanate 
RNC + HgO —— RNCO + Hg 


(Alkyl isocyanate) 


Distinction between Ethyl Cyanide and Ethyl Isocyanide 


Ethyl Cyanide (C,H.CN)/Ethy! isocyanide (C;H ,NC) 
Solublity in water Soluble Insoluble 


Yields propionic acid Produces ethyl amine 


Gives propylamine Gives ethylmethylamine 
(Primary amine) (Secondary amine) 


n Heating at 250°C Changes to ethyl cyanide 
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METALLURGY 


INTRODUCTION 


The process of extraction of metal from its ores in profitable manner is called metallurgy. 
(i) Mineral is a substance in which metal is present in either native state or combined state. 
(ii) “Ore” is the mineral form which the metal can be economically and conveniently extracted. 
(üi) ^ *Gangueor matrix" is the non metallic impurities present in the ore. 


Metallurgy 
Pyrometallury Hydro metallurgy Electrometallurgy 
(thermal treatment) (use of aqueous chemistry) (use of electrodes) 
Steps involved in metallurgy 
Ore 


concentration of ore f 
Gravity separation 
é ^ > . . 
Leachinge— Chemical Physical —* Magnetic separation 
J “sa А 3 
Froath flotation 


concentrated Orc 


conversion of 
cre into oxide 


Calcination Roasting 
s By carbon 
Metal oxide 7 І 
By Aluminum 
Smelting and reduction Self reduction 
Electrolytic 
Liquation ‚ . 
gE Impure metal By hydrogen 
Distillation Metal displacement 
Cupellation Refining 
Zone refining 
Electro refining Pure metal 


Vapor phase refining 
Amalgamation 


* ane 


COMMON STEPS INVOLVED IN METALLURGY 


. Crushing and grinding (Pulverization) 
Operation in which size reduction of large lumps to small pieces followed by finely ground material is done 
by the use of crushers and grinders. 
Handpicking : To pick up selective pieces of ores, 


. Concentration (Dressing) of the ore 
Operation in which the removal of impurities (gangue) from ore by the following methods. 


Levigation or gravity separation : 


(i) This method is based on the difference in densities of the ore gangue particles. 

(ii) = Thepowdered ore with gangue particles is introduced in the running stream of water. 

(iii) ^ Lighter impurity particles washed off with water and heavier ore particles settle down at the bottom. 
Eg. Generally oxides & carbonate ores are concentrated by this method. 


Magnetic separation 
Ore and gangue are separated, if only one of them is having magnetic property. 
Eg. In metallurgy of Fe . 

Ore —» magnetic 

impurity ——» non magnetic 

In metallurgy of Sn (tin stone) 

Ore —9 non magnetic (SnO,) 

impurity э wolfmarite (FeWO,) 


Non Magnetic 
impurities ore particles 


. Froath floatation process 

(i) Itis employed for sulphide ores. 

(ii) It is based on the different wetting characteristics of the ore and gangue particles with water 
and oil. 
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Usually ore particles are making as acrofillic & gangue particles as acrophobic by using different reagents. 
Ore particles raised to the surface along with air bubbles and collected at the surface where as gangue 
particles are wetted and settled down at the bottom of the tank. 

Reagents used a froathing agents (pine oil), collectors (sodium ethyl xanthate and potassium ethyl xanthate), 
Activators (copper sulphate) and depressors (sodium cyanide, alkali). 


Collectors : 
These compounds adsorb themselves on polar groups to grains of ores and thus derive them on the 
surface to pass on into the forth e.g. sodium ethyl xanthate and potassium ethyl xanthate. 


Activators and depressants : 

These compounds activate or depress the floating property of one of the components of the ore and thus 
help in the separation of different minerals present in the same ore. Copper sulphate is an example of 
activator, while sodium and potassium cyanides are the examples of depressants e.g. Galena (PbS) is 
usually associated with sphalerite (ZnS) and pyrites (FeS.). Floatation is carried out in presence of 
potassium ethyl xanthate (collector) and sodium cyanide and alkali (depressants). The later compounds 
depress the flotation property of ZnS and FeS, particles and hence only PbS particles go into the forth 
when air is blown in. After the removal of galena, the process is repeated by adding copper sulphate 
(activator) which activates the floating character of ZnS particles and thus this time ZnS comes with the 
froath. The acidification of remaining slurry leads to the flotation of FeS,. 


Leaching 

Chemical method of concentration. 

Selective dissolution of ore in strong reagents where as gangue particles are undissolved and gets 
separated. (Hydrometallurgy) 

Employed for concentrating ores of aluminium, silver, gold etc. 


Working of the concentrated ore 


(a) 
(i) 


(i) 
(iii) 


(b) 
(i) 
(ii) 
(iii) 
(iv) 
(v) 


Conversion of the concentrated ore into its oxide form 

Calcination : 

Ore is heated in absence of air to remove water or CO, from hydrated oxides or carbonates 
respectively. 

Process temperature is below the melting points of treated ores. 

During calcination moisture, volatile impurities are removed there by ore becomes porous. 


Ex. ALO,.2H,0 —> ALO, + 2H,O 
2Fe,0,.3H,0 —— 2Fe,0, + 3H;O 
CaCO, —э CaO + CO, 
MgCO, —> MgO + СО, 
Roasting : 
Ore is heated strongly with other substances, usually with oxygen. 
Employed for sulphide ores. 
Process temperature is below the melting points of treated ore. 
Chemical conversion of ore is takes place. 
Some of the impurities removed as volatile substances. 


S + O, — 50, 7 
4 As + 30, — 2As,0, 1 


Example: 
(a) Conversion of metal sulphides into oxides. 
2 ZnS + 30, —> 2 ZnO + 250, 
2 PbS + 30, ——> 2 PbO + 250, 
(b) Metal sulphides are converted into sulphates. 
PbS + 20, ——› PbSO, 
ZnS * 20, ——› ZnSO, 
Smelting 


(i) Flux is added during smelting, which reduces the melting point of impurities to form as easily fusible 
substance called as ‘slag’ and can be separated easily because of its lower density. 
(ii) Selection of flux depends upon nature of impurity present. Its impurity is acidic or 


basic flux is employed and vice versa. 


(iii) ^ Smelting is usually carried out in blast furnaces or reverberatory fumace. 


Ellingham Diagram 


"c 400°C ato’c 


T— 


The changes in Gibbs energy that occur when one mole of oxygen is used may be plotted against 
temperature for a number of reaction of metals to form their oxides. Such a graph is shown in Figure 
below and is called an Ellingham diagram for oxides. Similarly, we can plot Ellingham diagrams for 


halides. 


The Ellingham diagram for oxides show the following important features : 


(i) 


(ii) 


(ш) 
(iv) 


Ellingham diagram normally consist of plots of AG? vs T for the formation of oxides of elements, i.c. for 
the reaction. 

The graphs for metal oxide all slope upwards because the change in Gibbs energy becomes less negative 
with increase in temperature. 

Each plot follows a straight line unless there is some change in phase. 

When the temperature is increased, a point will be reached when the line crosses AG = 0 line. Below this 
temperature the A G* of oxide is negative and hence the oxide is stable. Above this temperature AG? of 
the oxide is positive and hence the oxide becomes unstable and decomposes on its own into metal and 
oxygen. 


Conversion of the oxide to metallic form 
The roasted or calcined ore is converted into metallic form through reduction by using different reducing 
techniques which will depends upon the nature of the ore, some of the methods are mentioned below 


Thermodynamic Principles: 


(a) 


(b) 


(c) 
(i) 
(ii) 


Considera reaction such as formation of an oxide. 
2M(s) + О, (g) > 2MO(s) 

In this reaction, the random of the system decreases because gases have more random than solids. 
Hence, AS for this reaction is negative. Thus, if temperature is increased then TAS becomes more 
negative. Since TAS is subtracted in equation, AG becomes less negative. On the other hand, if AS is 
positive, on increasing the temperature the value of AG decreases and becomes more negative. For 
example, in the reaction, 2C(s) + О, (g) ———» 2CO(g), AS is positive and AG decrease and becomes 
more negative as the T increase. 


Reduction by carbon 
The oxides of less electropositive metals like Pb, Zn, Fe, Sn, Cu etc. are reduced by strongly heating 
with coal or coke. 


Reduction by aluminium (Alumino-thermic reduction) 


(i) Aluminium acts as reducing agent due to its high electropositive nature. 
(i) ^ Oxides such as Cr,O,, Mn,O, are reduced by this method 
(iii) ^ The process is also known as “Gold Schmidt thermite process". 


Reduction by heating in air (Auto-reduction) /Self reduction 

Employed for metals of less active such as Hg, Cu and Pb 

Due to unstable nature in the oxide form at high temperature, no reducing agent is required for their 
reduction.. 


(d) 
@) 
(ii) 


(iii) 


(е) 


Example : 
Hgs +O, —2 НЕ + 50, 7 
2Cu,S + 30, —— 2Си,0 + 250, 


(Roasting) 
(Auto-reduction) 


Electrolytic reduction (Electro-metallurgy) 
Employed for highly electropositive metals such as Na, K, Ca, Mg etc. 
These metals are extracted by the electrolysis of their oxides, hydroxides or chlorides in fused state. 


Example : 
on fusion : NaCl = Na’ + СГ 
(ions become mobile) 
on electrolysis : 
at cathode : Nat + e. — > Na 
at anode : Cl —Cl*e 


: Cl + CI —5 Cl, 


Aluminium is obtained by the electrolysis of electrolyte which consists of mixture of alumina, cryolite 
and calcium fluoride (Hall-Herault process) 


Other method are following : 

(i) Reduction by carbon monoxide (employed for iron (iii) oxide) 
(ii) Reduction by water gas (employed for nickel oxide) 

(iii) ^ Amalgamation method (employed for noble metals) 


Hydrometallurgy (Reduction by precipitation) 
Process in which more electropositive metal displace less electropositive metals from salt solution. 
First the concentrated ore is dissolved in strong reagent and remove insoluble precipitates. 
Now the metal is precipitated by addition of more electropositive metal. 
Example : Silver sulphide dissolved in sodium cyanide which forms a soluble complex, then silver 
is precipitated by the addition of zinc powder. 

Ag,S + 4 МСМ —e 2 Na [Ag (CN),] + NaS 

sodium dicyanoargentate (1) 
2 Na [Ag (CN),] + Zn —> Na, [Zn(CN),] + 2 Ag 4 


Note : This type of precipitation process is called cementation. 


Refining or purification 


(i) 


(ii) 
(iii) 


The metals after reduction process consists of number of impurities like Si, P, slag, oxides, other 
metals etc. 

Removal of all these impurities to get pure metal is called as refining. 

Methods of refining are as under. 

Liquation 

(i) This is based on the principle of difference in melting points of metal and impurity. 

(ii) Employed for purification of low melting point metals like Pb, Sn etc. 


Distillation process 


(i) This is based on difference in boiling points of metals and impurities. 

(ii) Employed for low boiling point metals like Zn, Hg etc. 

LI Oxidation process 

(i) This isa selective oxidation method. 

(ii) ^ Usedforrefining those metals in which the impurities have greater tendency to get oxidised than the 
metals itself. 

(iii) ^ Theimpurities converted into oxide & skimmed off from the metal. 

(iv) ^ Various oxidation processes used for different metals bear different names, e.g., poling, pudding, 
bessemerisation and cupellation (for Ag). 

Bessemer converter of copper 

CUPELLATION 
The process in which a impure sample of metal (say Pb in Ag)is fused in a bone ash crucible (Cupel) on 
the hearth of furnace in the blast of air. The impurity (Pb) present is oxidized and blown away with air. 
Some PbO is absorbed by Cupel. 

ә Electrorefining 

(i) Employed for refining of highly electro positive metals like Al, Cu, Ag, Zn, Sn, Pb, Cr and Ni. 

(ii) Impure metal is made as anode, thin pure metal sheet is kept as cathode and the electrolysis comprising 
with soluble salt solution of the metal. 

(iii) On passing the electric current, pure metal from the anode dissolved and is deposited on the cathode. 

(iv) ^ Thesoluble impurities goes into the solution (remains in the solution after the completion of refining) while 


the insoluble impurities settle down below the anode as *anode mud" 


Picciralyte 
(Capper sdphate solunan] 


Electrolytic refining of copper 


@) 


Van-Arkel process 
Employed to get metal in very pure form of small quantities, 
In this method, the metal is converted into a volatile unstable compound (e.g. iodide), and impurities 
are not affected during compound formation. 
The compound thus obtained is decomposed to get the pure metal. 
Employed for purification of metals like titanium and zirconium 
Ti(s) + 21,(g) —B*— Ti Lg) 
Impure 
Til,(g) —“* Ti (s) + 2L(g) 


Zone refining 

Employed for metals which requires in very high purity like semi conductors. 

The method is based on the principle that an impure metal on solidification will deposit crystals of 
pure metal and the impurities will remain behind in the molten part of the metal. 

Used to purify the elements such as silicon, germanium. 


Molten zone 


Pure metal 
| Impure metal 


[1 
Moving furnace 


Zone refining 


Amalgamation process : Nobel metals ores like Ag, Au, Pt in finely powdered state are mixed with 
waterto form slurry. The slurry is then flown over Cu or brass plates coated with Hg arranged in slanting 
position. The metal particles forming amalgam with Hg are retained on these plates. The amalgam is 
scrapped off and then distilled in iron retorts where Hg distillates over leaving free metals. Hg vapours 


Hg Vapours 
Ore + Hg ——> Amalgam die 


Metal 


Mond's process 
Nickel is purified by using CO gas. This involves the formation of nickel tetracarbonyl. 


М: 4400 9 0), 9 EN 400 
Impure nickel Pure nickel 


Illustration 
Q.1  Theores that are concentrated by floatation method are — 
(A) Carbonates (B) Sulphides (C) Oxides (D) Phosphates 
Ans. (B) 
Sol In floatation process, the ore particles should be aerofillic in preference to gangue particles. Sul- 
phide ores having this character. 
Q.2  Calcination is the process in which — 
(A) Heating the ore in presence of air (B) Heating the ore in presence of sulphur 
(C) Heating the ore in absence of air (D) Heating the ore in presence of chlorine 
Ans. (C) 
Sol.  Calcination is the process in which moisture and volatile impurities are removed and process is 
carried in absence of air. 
Exercise 
Q.1 А substance which reacts with gangue to form fusible material is called — 
(A) Flux (B) Catalyst (C) Ore (D) Slag 
Ans. (A) 
9.2 Which of the following is not a concentration technique — 
(A) Levigation (B) Froth floatation (С) Leaching (D) Calcination 
Ans. (D) 


EXTRACTION OF IRON 


(a) 


(b) 


Ores : Haematite — Fe,O, Limonite — 2Fe,0, . 3H,O; Siderite FeCO,: Magnetite — Fe,0,, 
Pyrite- FeS,. 
Process: 


Haematite ore 
[concenraton]— 


(Magnetic separator) 


— [Pig Iron |— Refining or on 
[Smelting + reducton Tm етее А08 steel 
(blast furnace) 
wool Iron| Bessemer converter 
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(с) 


Reactions involved : 


Iron ore 
coke and 
limestone 

in 


{ЖСК 200°C 
эко, А со эзе, со, 
Fe, +€0 530 + CO, 700°C 


ui E" 


0 M» 945 4 a 
eT 


" C*CO,2JCO — 
O Fe0 * CO Fe * CO, 


Ut C 


os morc 


The overall process for the extraction of Fe is : 
ЗС + FeO, — 4Fe + ЗСО, 
CaCO, + SiO, — Са510, + CO, 


The reaction proceeds in several stages at different temperatures. Since the air passes through in a few 


seconds, The individual reactions do not reach equilibrium. 
400°C 3Fe,0, + CO — 2Fe40, + CO, 

Ее,О, + CO 5 2FeO + CO, 
500-600C 2CO — C + CO, 


The C is deposited as soot and reduces FeO to Fe but it also reacts with the refractory lining of the 


furnace, and is harmful 

800°C FeO + CO > Fe + CO, 
900°C CaCO, — СаО + CO, 
1000°C FeO + CO > Fe + CO, 


CO, + C 2 2CO 


(Together these two reactions appear to be FeO + C — Fe + CO) 


1800*C CaO + SiO, — CaSiO, 
FeS + СаО + C — Fe + CaS + CO 


MnO + C ә Mn 


(m Fe) *CO 


SiO, + 2C > Sig, pe, + 2CO 
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(4) Pig Iron : С > 3.1 —4.5%, small amounts of Si, S, P ; hard and brittle, obtained from blast furnace 
(e) Wrought Iron: C = 0,15 — 0.28%, purest form ; malleable, fibrous 


Illustration 


Q.1 Magnetic separation is used for increasing concentration of the following — 
(A) Horn silver (B) Calcite (C) Hamatite (D) Magnesite 
Ans. (C) 


Sol Настае ore is having magnetic property, can be separated by magnetic separation 


Q.2 In blast furnace, iron oxide is reduced by — 

(A) Silica (B) CO (C) C (D) lime stone 
Ans. (B) 
Sol. FeO + CO — Fe + CO, 


Exercise 


Q.1 Steel consists of ........... percentage of carbon — 
(A) 3.1 — 4.5% (B) 2.2 — 3.196 (С) 0.15 – 0.28% (р) 0.15 — 1.5% 
Ans. (D) 


EXTRACTION OF COPPER 


(a) Ores : Copper pyrites CuFeS, ; Cuprite or ruby copper Cu,O ; Copper glance Cu,S ; Malachite Cu 
(OH), . CuCO, ; Azurite Cu (OH),. 2CuCO,. 
(b) Process: 


Copper pyrite 


Froal^ 
floatatan 


—+[этенга]—[тэве] 


[blast furnace) (Cu,S + FeS) 


rl 


A r, silica 


Bessemensation | ——» B| ster Cu 


(Besserrar converter) 


Ret nirg ——* Pure Cu 
slag 
(i) Poling 
(ii) Electrolytic refining 


(с) Reactions : 
(i) Roasting : 2CuFeS, + О, ——» CuS + 2FeS + SO, 
2FeS + ЗО, —> 2FeO + 250, 
2Cu,S + 30, — > 2Cu,0 + 250, 


(ii) Smelting : Си,О + FeS —> Cu,S + FeO 
FeO + SiO, —> FeSiO, 
(iii) Bessemerisation : 2FeS + 30, —э 2FeO + 250, 


FeO + SiO, —> FeSiO, 
2Си,5 + 30, —> 2Cu,0 + 2SO, 
Cu,S + 2Cu,O —> 6Cu + SO,(self reduction) 


(iv) Poling : Molten Cu is stirred with poles of green wood to reduce any copper oxide in Copper 
(v) Electrolytic refining : Anode — impure Cu ; cathode — pure Cu ; electrolyte CuSO, + H,SQ,,. 


Note : Low gread copper can be extracted by hydrometallurgical process also. 


Illustration 


Q.1  Inelectrorefining of copper, some gold is deposited 
(A) as anode mud (B)ascathodemud (C)atthe cathode (D) inthe electrolyte 

Ans. (A) 

Sol  Inclectrorefining of copper, impure copper is made as anode and a pure copper strip is made as 
cathode. A soluble copper salt is taken as electrolyte. On passing current, impurities like Fe, Zn, Ni, and 
Co dissolve in the solution and Au, Ag, etc. settle down as anode mud. 


Exercise 


Q.1 Matte is obtained after this step – 
(A) Froath floatation (B) Roasting (C) Smelting (D) Refining 
Ans. (C) 


EXTRACTION OF ALUMINIUM 


(a) Ores : 
(i) Oxides : Bauxite Al,O,. 2H,O (chief) ; Diaspore Al,O,.H,O ; Corundum ALO,. 
(ii) Silicates : Felspar KAI Si,O,; Mica K,O. 3A1,0,. 6Si0,.2H,O; Kaolinite Al,O,. 2Si0,.2H,O 
(iii) Fluorides : Cryolite Na, Al Fg 


(b) Process : 
(i) Purification of Bauxite : 
(x) Baeyer's Method 
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If Fe,O, is major impurity - Red bauxite 
- ore is roasted to convert ferrous oxide to ferric oxide 
-Al,0,.2H,O+ 2NaOH + H,O © ; 2Na[Al(OH),] (FeO, undissolved) 
- NaAl(OH), —9 NaOH + Al(OH), 
white ppt. 
- 2Al(OH), —*-» ALO, + 3H,O 
(у) Halls’ method 
If Fe,O, is major impurity -Red bauxite 
- bauxite ore is fused with Na,CO, 
- ALO,.2H,0 + Na,CO, £e , 2NaAIO, + CO,T+ 2H,0 
- 2NaAlO, + ЗН,О + CO, 9% , 2AK(OH),+ + Na,CO, 
- 2AKOH), —— Al,O, + 3H,O 


(z) Serpeck’s method : 
(1) If SiO, is major impurity - white bauxite 
- ALO, + 3C + N, __ 100%, 2AIN + ЗСО 
- AIN + 3H,0 —"**—, AI(OH), + NH, 
- SiO, + 2C0 —> 2CO.f + Si 
- 2AKOH), —— ALO, + 3H,O 


(ii) Electrolysis of fused Alumina. 
Cathode : Iron-tank lined with carbon bricks 
Anode: carbon 


Electrolyte : Molten [ALO, (5%) Na, AIF, (85%) + CaF,(5%) + AIF,(5%) ] 
O, is liberated at anode and Al collects at the bottom. 


Copper clamp 


Molten aluminiun 


Carbon lining (Cathode) 


Carbon anode 


Hall Heroult process 
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(iii) ^ Reactions: Na, Al F ———> 3NaF + AIF, 
AIF, AP* + ЗЕ 

At anode : ALO, + 6Е — 2Al F, + 32 О, + 6e 
At cathode : 2AP* + бег —> 2Al 

(iv) Electrolytic refining (Hoope's process), three layers process. 
Cathode : carbon electrodes 
anode : Fe tank lined with carbon bricks 
Electrolyte : Na, AIF, + CaF, 


Na, AIF, + CaF, 


Hoope's process for purification 
of aluminium 


Bottom layer: Impure aluminium consists of Cu, Si etc. in molten state. 

Middle layer: molten mixture of Fluorides of Na, Ba, Al and Al,O, 

Top layer : pure molten aluminium. 

On passing the current, Al is deposited at cathode from the middle layer and an equivalent amount of Al 
from the bottom layer moves into the middle layer leaving behind the impurities. 


Illustration 


Q.1 Aluminium is obtained from Al,O, by this method — 


(A) Thermal reduction (B) Hydro metallurgical method 
(C) Electrolytic reduction (D) Reduction by Iron. 
Ans. (C) 


Sol For all metals with high electropositive nature, electrolytic reduction is best method. 


Exercise 


Q.1 If Bauxite consists of SiO, as impurity, this process is employed — 
(A)Hall's process (В) Baeyer's process (C) Hoope's process (D) serpeck's process 
Ans. (D) 
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EXTRACTION OF SILVER 


(a) 


(b) 


(c) 


Ores : Silver glance or argentite Ag.S, Ruby silver Ag,S. Sb, S}, Horn silver AgCI. 


Process : Cyanidation or Mac-Arthur-Forrest cynide process 


Silver glance | ——^ | Froath floatation 


| Solution 
Leaching |—— consists of 
ы 


Ag 


Reactions (Leaching) : 


Ag,S + 4 МСМ ——-> 2Na[Ag(CN),] + Na,S ; passing of air causes oxidation of Na,S, there by 
forward reaction takes place. 
4Na,S + 2H,0 + 50, ——— 2Na,SO, + 4МаОН + 2 S 
2Na [Ag(CN),] + Zn ———> Na,[Zn(CN),] + 2Ag 4 
sodium argento cyanide sodium zinco cyanide 
The precipitated silver is separated and purified by fusion with borax or KNO, to get pure silver. 
Electrolytic refining: Anode : Impure Ag 
cathode : Pure Ag 
Electrolyte : AgNO,(aq.) + HNO,. 


Illustration 


Q.1 


Ans. 
Sol. 


Which ofthe following processes is/are the examples of leaching: 

(D Mac Aurthur forest process (II) Hoop's process 

(III) Baeyer's process (IV) Allumino thermite process 
Choose the correct code: 

(A) 1, Папа III (B) I, II and IV (C) land Ш (D) Il only 
(С) 


(1) In Mac Arthur forest process, silver ore is leached out as [Ag(CN),] 
Ag,S + NaCN == 2[Ag(CN),] + 2Na* + Na,S 
(I)  InBaeyer's process, alumina and SiO, is leached out as [AI(OH),] and Na, SiO, 


respectively. 
(II) — Hoop's process is used for purification of Aluminium. 
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Exercise 


Q.1 Leaching is preferred for which sulphide are. 
(A) Galana (B) Argetide (C) Sphalerite (D) Cinnabar 
Ans. (B) 


EXTRACTION OF ZINC 


Occurrence : Zinc is usually found in the combined state although traces of the metal in the native state 
have been reported from Melbourne (Australia). Its chief ores are : 

1. Zinc blende, ZnS. 

2. Calamine or Sphalerite, ZnCO, 

3. Zincite, ZnO 


1. Extraction process : It involves the following steps : 


Zinc Blende|——>} Froath floatation 
ШЕ samy 
Zn Elelctrolytic refining 


a Roasting : 
Reactions: 


2ZnS + 30, —— 2ZnO + 250, 
ZnS +20, ——> ZnSO, 
2ZnSO, —— 2ZnO + 250, + О, 


When the ore is calamine, it shall decompose into oxide with evolution of carbon dioxide (calcination 
is used), 

ZnCO,—— ZnO + CO, 
For roasting, a reverberatory furnace may be used. 


Smelting 
ZnO + C —> Zn + CO 
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Illustration 
Q.1  ZnandAgcan be separated from each other by 
(A) distillation (B) heating with conc. NaOH 
(C) treating with dil. I INO, (D) fractional crystallisation 
Ans. (В, р) 
Sol. Zinc is a volatile metal. Its boiling point is 1180К. It can be separated from silver by distillation. It can 


also be separated by heating with conc. NaOH solution in which Zn gets dissolved leaving Ag as such. 
The reaction is 
Zn + 2NaOH — Na,ZnO, + H, 


Exercise 


Q.1 


Ans. 


Calamine is concentrated by : 


(A) Magnetic Separation (B) Froath floatation 
(C) Cynide process (D) Gravity separation 
(D) 


EXTRACTION OF GOLD 


Occurrence of Gold : 


(i) 


(ii) 


Gold is mainly found in native state either as vein good, placer gold or alluvial good. It is also present to 
asmallextent in the combined state as sulphide, telluride and arsenosulphide. Some important ores of 
gold are : 
(i) Calaverite, AuTe, (ii) Sylvanite, AuAgTe, and (iii) Bismuth aurite, BiAu, 
Mac-Arthur-Forest Cyanide process : The powdered gold ore, afler concentration by Forth-floatation 
process, is roasted to remove easily oxidisable impurities of tellurium, arsenic and sulphur. The roasted 
ore is then treated with a dilute solution of KCN in presence of atmospheric oxygen when gold dissolves 
due to the formation of an aurocyanide complex. 

4Au + SKCN + 2H,0 + О, —9 4K[Au(CN),] + 4KOH 

Soluble 

The metal is then extracted by adding zinc dust. 

2K[Au(CN),] + Zn —9 K, [Zn(CN),] + 2Au i 

ppt. 

Plattner's chlorine process : The roasted ore is moistened with water and placed in wooden vats 
with false perforated bottoms. It is saturated with current of chlorine, gold chloride thus formed is leached 
with water and the solution is à with a reducing agent such as FeSO, or H,S to precipitate gold. 

AICI, + 3FeSO, — Aui FeCl, + Fe(SO,), 

2AuCl, + 3H, s —> 6HCI + 3S + 2Au i 


The impure gold thus obtained contains imparities of Ag an Cu. The removal of Ag and Cu forms gold 
is called parting. This is done by heating impure gold with conc. H,SO, (or HNO,) when Ag and Cu 
dissolve leaving behind Au. 

Cu + 2H,SO, —> CuSO, + SO, + 2H,O 

2Ag + 2H, SO, ——› Ag,SO, + SO, -2H, Кө, 
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Properties of gold : 
Gold is a yellow, soft and heavy metal. Gold and Ag are called noble metals since they are not attacked 
by atmospheric oxygen. However, Ag gets tamished when exposed to air containing traces of H,S. Gold 
is malleable, ductile and a good conductor of heat and electricity. Pure gold is soft. It is alloyed with Ag 
or Cu for making jewellry. Purity of gold is expressed in terms of carats. Pure gold is 24 carats. Gold 
*14 carats’ means that it isan alloy of gold which contains 14 parts by weight of pure gold and 10 parts 
of copper per 24 parts by weight of the alloy. Thus the percentage of gold in “14 carats” of gold is = 
100 x 14 = 58.3% 
Most of the jewellery is made from 22 carat gold (91.66% pure gold). Gold is quite inert. It does not 
react with oxygen, water and acids nut dissolves in aqua regia (3 parts concentrated НСІ + 1 part 
concentrated HNO.) 
НСІ + HNO, —9 2H,O + 2CI] х 3 
Au + 3CI —9 Au СІ] x 2 
2Au + 9 HCI + 3HNO, —> 2AuCI, + 6H,O + 3NOCI 
Auric chloride nitrosyl chloride 


Oxidation states of gold : 
The principal oxidation states of gold are + 1 and +3 though + | state is more stable than +3 


Compounds of gold : 
(1) Auric chloride AuCl, .It is prepared by passing dry СІ, over finely divided gold powder at 573 К 


2 Au -3Cl, —3* , 2AuCI, 


Itis a red coloured crystalline solid soluble in water and decomposes on heating to give gold (1) chloride 
and CL. 


AuCl, —“*-, AuCl+Cl, 
It dissolved in conc. HCl forming chloroauric acid 

AuCl, + НСІ — Н [AuCI,] 
Chloroauric acid is used in photography for toning silver prints and as an antidote for snake poisoning. 

(2 Auroussulphide, Ац 5. It is prepared when HS is passed through an acidified solution of potassium 

aurocyanide, K[Au(CN),] 

2K [Au (CN),] + Н,5 —э Au,S + 2KCN + 2HCN 
Itis dark brown solid, not attacked by dilute mineral acids and hence is probably the most stable gold (1) 
compound 


Illustration 


Q.1  Whichofthe following metals can not be extracted by self reduction? 
(A)Au (B) Hg (C)Cu (D) Pb 
Ans. (A) 
Sol. Не, Cu and Pb metals can be extracted by self reduction from their respective sulphide ores. 


Exercise 


Q.1 — Whichofthe following ore of the metal(s) is / are concentrated by leaching method 
(А)А! (B) Fe (C)Au (0) Ag 
Ans. (A,C,D) 
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EXTRACTION OF MERCURY 


Occurrence and extraction of mercury : 
Cinnabar (HgS) is the only important ore of Hg. It is concentrated by forth floatation method and 
mercury is extracted from this ore by heating it in air at 773-873 К (auto reduction) 


Hgs + О, —ZEK _, He+so, 


The mercury vapours thus obtained are condense to give liquid metal. Hg thus obtained contains 
impurities of Zn, Sn and Pb. These are removed by treating the impure metal with dio. НО. Mercurous 
nitrate, Hg,(NO,) thus formed reacts with metals present as impurities forming their nitrates which pass 
into solution leaving behind pure mercury. However, ti si best purified by distillation under reduced 
pressure. 


6Hg + 8HNO, (dil.) aa 3Hg, (NO,), + 4H,O + 2NO 
Zn + Hg,(NO,), —9 Zn(NO,), + 2Hg 
Similar reaction is given by Pb and Sn. 


Properties of mercury : 

Mercury is less reactive than Zn. It is liquid at room temperature and has low thermal and electrical 
connectivity. Mercury forms dimeric mercury (i) ion, Hg, in which the two Hg atoms are bonded by a 
covalent bond. It is lowly oxidised to HgO at about its boiling point. Hg does not react with dil. HCl or 
dil. H,SO, but reacts with hot concentrated H,SO, to form HgSO,. It, however, reacts with both warm 
dil and conc. HNO, evolving NO and NO, respectively. 

Hg + 2H,SO, (hot, conc.) —» HgSO, + SO, + 2H,O 

Hg + 4HNO,(conc.) —» Hg(NO,), + 2NO, + 2H,O 


Illustration 


Q.1 — Auto reduction process is used in the extraction of 
(A) Cuand Hg (B) Zn and Hg (C) Cu and Mg (D) Fe and Pb 
Ans. (A) 
Sol Auto reduction takes place in the case of Cu and Hg. The reactions are as follows: 
2HgS + 30, — 2HgO + 250, 
2HgO + HgS — 3Hg + SO, 
2Си,5 + 30, —> 2Cu40 + 250, 
2Cu,O + Cu,S — 6Cu + SO, 


Exercise 


Q.1 — To obtain silver from silver amalgam it is heated in vessel which is made of 
(A) Cu (B) Fe (C)Ni (D) Zn 
Ans. (B) 
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EXTRACTION OF TIN 


Occurrence of tin: 


Tin does not occur in nature in the native state. Its chief ore is cassiterite or tin stone (SnO,). 


Extraction of tin from tin stone : 


The ore is crushed, washed and concentrated magnetically to remove magnetic impurities of tungstate of 
iron (wolframite, FeWO,) and manganese. The concentrated ore is roasted to remove sulphur and 
arsenic as their oxides, The roasted ore is then subjected to smelting i.e. ore is mixed with anthracite 
(coke) in the ratio 1 : 4 and little limestone (flux) and heated in a reverberatory furnace. 


SnO, + 2С — HK Sn+2CO ; СаСО, —» СаО + CO, 
СаО + SiO, — CaSiO, 


The molten metal is tapped out from the bottom of the furnace and cast into blocks. The tin thus 
obtained is called block tin and contains impurities of Fe, Pb and Cu etc. The crude metal is finally 
refined by either liquation, poling or electro-refining. 


In electro refining, impure metal is made the anode while a sheet of pure metal acts as the cathode. The 
electrolyte consists of stannous sulphate SnSO, containing little H,SO, and hydrofluosilicic acid (H.SiF,). 
On passing current, tin dissolves from the anode and passes into the electrolyte while an equivalent 
amount of tin from the electrolyte gets deposited on the cathode. 


Properties of tin : 


Itis a soft white metal, malleable and ductile and can be rolled into sheets and foils. When heated in air, 
it forms SnO,, with S it forms SnS, and with СІ, it gives SnCl,. It dissolves in hot concentrated alkalies 
evolving Н, gas 

Sn + 2NaOH + H,O —> Na,SNO, + 2H, 
and reacts with HNO, to give metastannic acid (H, SnO, с) 

Sn + 4HNO, —> H,SnO, + 4NO, + Н, О 
With dil. HCl or H, SO, tin reacts liberating H2 gas 

Sn+2HCI—> SnCl, +H, 7 
With hot conc. H,SO, tin reacts to give SO, gas 

Sn * 2H SO, (conc.) ——› SnSO, + SO, + 2H Ae) 


Tin is widely used for plating iron and brass vessels to resist corrosion. Tin foils are also used for wrapping 
cigarettes and making food containers. 


Illustration 
Q.1  Atinore(SnO,) contains FeCrO, as impurity. It can be concentrated by 
(A) magnetic separation (B) froth floatation 
(C) electrostatic method (D) gravity separation 
Ans. (A) 
Sol  FeCrO, is magnetic material. Obviously, it can be separated from tin ore (SnO,) which is non-magnetic 


by magnetic separation method. 
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Exercise 


Q.1  Cassiterite is concentrated by: 


(A) Levigation (B) Electromagnetic separation 
(C) Floatation (D) Liquefaction 
Ans. (B) 


EXTRACTION OF LEAD 


Occurrence of lead : 
Lead does not occur in the free state. The important ores of lead are : 
(i) Galena (PbS) (ii) Anglesite (PbSO,) and (iii) Cerussite (PbCO,). 


Extraction of lead : 

(i) Self reduction process : 
Galena, after concentration by Froth-floatation process, is roasted in air to form PbO and PbSO,. The 
unchanged galena then brings about the reduction of PbO and PbSO, to Pb metal (auto reduction). 


3PbS + 50, —““"» 2PbO + PbSO, + 250, 


? Roasting 
Heat Heat 
2PbO + PbS Com 3Pb + SO, ; PbSO, + PbS y SE ET 2Pb + 250, 


(ii) Carbon reduction process : 
The roasted ore is reduced to metal by heating with coke. 


PbO + C — => Pb + CO. 


The metal obtained by above methods contain Ag, Cu, Fe, Sn and Sb as impurities. It is refined by 
either liquation, softening, desilverisation or electrolytic refining processes. 

In electrolytic refining the electrolyte taken consists of a solution of lead fluorosilicate (PbSiF,) and 
hydrofluosilicic acid (H,SiF,) with a little gelatin. 


Properties of lead : 
Lead isa bluish grey lustrous metal but when exposed to air, it acquires dull appearance due to the 
forming ofa thin layer of Pb(OH), and PbCO, on its surface. It dissolves in hot concentrated alkali 
evolving H.. 

Pb + 2NaOH — Н, + Na,.PbO, (Sod. plumbite) 

Other reactions with acids, S, Cl, are similar to those of Sn 
Lead forms two series of compounds i.e. Pb (II) and Pb(IV) compounds but Pb(II) compounds are 
more stable than Pb (IV) compounds. Pb (II) compounds are essentially ionic while Pb (IV) compounds 
are covalent in nature. 
Lead used for making cable coverings, bullet shots, lead accumulators, tetraethyl lead (antiknocking 
agent) and a number of pigments such as red lead (Pb,O ); white lead [2Pb(OH,.PbCO, ], chrome 
yellow (PbCrO,) and chrome red (PbO.PbCTO ). 
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Illustration 
Sulphide í Oxide {B {Impure metal ‘Pure metal; 
Q.1  StepC (refining) involved in purification of Pb metal 
(A) Distillation (B)Bessemerization (C)Cupelation (D) Electrolytic refining 
Ans. (D) 
Sol Sulphide ore —Ressting_, oxide —AvioReducton_, Impure metal 
Exercise 
Q.1 When ZnS and PbS minerals are present together, then NaCN is added to separate them in the froth 
floatation process as a depressant, because 
(A) Pb(CN), is precipitated while no effect on ZnS 
(B) ZnS forms soluble complex Na,[Zn(CN),] 
(C) PbS forms soluble complex Na,[Pb(CN),] 
(D) They cannot be separated by adding NaCN. 
Ans. (B) 
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SOLVED EXAMPLES 


Heating of pyrites in air for oxidation of sulphur is called 

(A) roasting (B)smelting (C) calcinator (D)slagging 

(A) 

Sulphide ores are strongly heated to convert them into oxides and this is called roasting. 
4FeS, + ПО, > 2Fe,0, + 850, 


One of the following metals forms a volatile compound and this property is taken advantage of its 
extraction. The metal is 
(A) iron (В) nickel (C) cobalt (D) tungsten 
(B) 
Nickel combines with CO to form volatile Ni(CO), (nickel carbonyl) which decomposes to give pure 
Ni metal and CO on heating. 

Ni(CO), 2s Ni+CO 


volatile metal 


Which of the following is not used for extraction of Aluminium — 


(A) Van arkel process (B) Serpeck’s process 
(C) Baeyer’s process (D) Hall-Heroult’s process 
(A) 


Van Arkel process is one the refining process to get very pure metal. In this process the impure 
metal is converted into volatile lodides, which are again dissociated to get pure metal. 


Heating an ore in the absence of air below its melting point is called: 
(A) leaching (B) roasting (C) smelting (D) calcination 
(D) 


Roasting is heating in presence of air. 


Zinc blende on roasting in air gives — 
(A) Zinc carbonate (В) SO, and ZnO (C) ZnS and ZnSO, (D) CO, and ZnO 
(B) 

ZnS + О, ——— ZnO + SO, 


Reagent used in cyanide process is — 
(A) NaOH (B) NaCN (C) Na,CO, (D) NaNO, 
(B) 


It is used to concentrate gold & silver 


In alumino-thermite process, aluminium is used as: 

(A) Oxidisingagent (В) Flux (C)Reducingagent (0) Solder 
(С) 

Al is used to reduce oxide of Cr & Mn. 


Q.8 


Ans. 


Q.9 


Ans. 
Sol. 


Q.10 


Ans. 
Sol. 


Q.11 


Ans. 
Sol. 


Q.12 


Ans. 
Sol. 


Which of the following is not a concentration technique 
(A) Levigation (В) Froth floatation (С) Leaching (D) Calcination 
(D) 


In calcination, volatile impurities are removed by heating concentrated ore in Reverberatory furnace. 


Cassiterite is an ore of : 
(A) Mn (B) Ni (C) Sb (D) Sn 
(D) 


Cassiterite is SnO, 


Cassiterite is concentrated by : 


(A) Levigation (B) Electromagnetic separation 
(C) Floatation (D) Liquefaction 
(B) 


Its contain magnetic (wolframitle) impurities. 


In metallurgy, flux is a substance that is used to convert 
(A) infusible impurities to fusible material (B) fusible impurities to infusible impurities 
(C) soluble impurities to insoluble impurities (D)mineral into silicate 
(A) 
Flux converts infusible impurities to fusible material 
SiO, + СаО —het, Ca SiO, 


infusible — flux fusible slag 
impurity 


Chromium is obtained by reducing purified chromite ore with 

(A) red-hot coke (В) gaseous hydrogen (C) aluminium powder (D) carbon monoxide 

(C) 

Chromite ore (FeO.Cr,O,,) is first converted into free Cr,O,. It is then reduced by Al to pure chromium 
metal, 


Cr,O, + 2Al > ALO, + 2Cr 
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p-BLOCK ELEMENT S-II 
NITROGEN FAMILY 
GROUP 15 ELEMENTS (NITROGEN FAMILY) 


The elements are : N, P [ Non metal]. As [ Metalloid]. Sb, Bi [Metal] 


The General electronic configuration is [noble gas] ns? np? 


Atomic and Physical properties 

(1) Atomic and Ionic radii: Covalent radius : N < P < As < Sb < Bi 
(2) lonization enthalpies : N > P> As Sb- Bi (IE, values) 

(3) Electronegativity : N > P > As > Sb = Ві 


N<P As < Sb<Bi 
(4) Metallic Character: Nonmetal Metalloid Metals 


(5) Catenation 


The group 15 elements also show catenation property but to much smaller extent than carbon. For 
example hydrazine (H,NNH,) has two N atoms bonded together HN, has three N atoms. 
+ „Ө 


HN, H-N-N-N: 
Among group 15 elements P has the maximum tendency for catenation forming cyclic as well as open 
chain compounds consisting of many phosphorous atoms. 


Р.Н, has two P atoms bonded together the lesser tendency of elements of group 15 to show catenation 
in compression to carbon is their low dissociation enthalpies. 


C-C 353.3 kJ /mole 
N-N 16.8 kJ / mole 

P-P 201.6 kJ / mole 
As—As 147.4 KJ / mole 


(6) Valency and Oxidation Number : 
(a) Gen. configuration : ns?np? 

Valency = 3 

O.S. =- JELES 

P show O.S. =- 3, + 3 
(b) P has two sleeping valency. 
(с) Sleeping Valency : These electron of valency shell which does not take part in bonding. 
(d) P in excited state show + 5 O.S, 

So Hybridisation = sp'd 

Shape = Trigonal by pyramidal. 
(е) Р, As, Sb Show 3 & 5 both О.$. 

N only 3, absence of d- orbital 

Bi only 3, because of inert pair effect 


(7) Reactivity : 

(a) Decreases ”. E.N. Decrease 

(b) Least reactive in V group is N {due to triple bond formation of Bond Energy ( 7 ) 
(c) Max. Reactive in V group is P. 

(d) Order P > As > Sb > Ві > N 


(8) Allotropic Forms : Except ЇЧ and Bi all other elements of this group show allotropy. 
Phosphorous : White, Black and Red 
Arsenic : Yellow or Grey 
І Yellow or Silvery grey. 
Arsenic (As) : It is the most poisonous element of V" group. 


ABNORMAL BEHAVIOUR OF NITROGEN 


(a) 
(b) 


(c) 
(d) 
(e) 
(f) 


(g) 
(h) 


Nitrogen is a gas, while other elements are solids. 

Nitrogen molecule is diatomic (N,) while molecules of P, As and Sb are tetra atomic (P,, As,, Sb,) 
and that of Bi is mono atomic. 

Halides of nitrogen except NF, are highly explosive. 

М.О, and N,O, are monomeric while trioxides and pentoxides of P, As and Sb are dimeric. 
Itis chemically inert due to the presence of triple bond other elements are highly reactive due to 
presence of single bond in their molecule. 

N=N,C=0,(C=N) are isoelectronic species but N =N is less reactive due to nonpolar 
nature and high ionisation energy. 

N does not form sulphides. 

Nitrogen occurs in free state but others are not. 


COMPOUNDS OF V-A GROUP 


(1) 


(а) 
(b) 
(c) 
(d) 


(e) 
(f) 


(g) 
(h) 


(i) 


FORMATION OF HYDRIDES 


Hydrides formed have YH, formula-{NH,, PH,, AsH,, SbH,, BiH,} 
Except NH,, all Hydrides are poisonous. 
NH, neutralises protic acids as well as aprotic acids (Lewis Acid) so ammonia is strong base. 
PH, + HI. ——>. РН 
Phosphene Phosphonium Iodide. 
Phosphene is a weak base as compared to NH, and rest all have amphoteric nature. 
NH, will have high boiling point due to H-bond. 
Tendency of H-bonding and B.P. 
NH, > PH, < AsH, < SbH, < BiH}. 
NH, cannot acts as a reducing agent and BiH, is strongest reducing agent. 
Stability decreases from NH, to ВІН, 

Size increases and so bond strength decreases. 
Oxidation state : 

Hydrazine NH, - NH, or NH, => ~ 2 

Hydrazoic Acid М,Н >- 1⁄3 

NH, - OH > – 1 


(II) 


(0 Hydrazine is used as propellant for rocket fuels 
It is undergoes combustion releasing large amount of energy. 
(k) H,O, also a better propellent than N.H, 
H,O, provides nascent О which is more reactive than O,. 
@) N, is called Azide lon ———» Has 4 lone pair 
Eg. Ba7N, ——— Barium Azide [Ba(N,),]. 


FORMATION OF HALIDES 


(i) YX, (it) YX, 
Tri Halides : All possible trihalides of all these elements are known except NCI,, NBr,, and NI, 
Because: 
(1) Low polarity of the N — X bond. 
(2) | Weakness of N – X bond due to large size difference. 
(3 NCI, + 3H,0— —9 NH, + 3HOCI 
PCI, + 3H,0 ———H,PO, + 3HCI 
SbCl, + 3H,0 — ——SbOCI *- 2HCI (Stibynl Chloride) 
ВІСІ, + H,O——> ВІОСІ + 2HCI (Bismithyl Chloride) 
When an aq. solution of BiCl, is prepared, after some time a turbidity appears which is milky in 
appearance and finally a white ppt is formed due to formation of BiOCI. 
(4) Lewis Base Order : 
NF, < NCI, < NBr, < NI,. 


Penta Halides : 

Except N and Bi all forms pentahalides, N does not form due to absence of d-orbital Bi does 
not form due to inert pair effect. 

PCI, acts as an effective chlorinating Agent so it decomposes into PCI, ——> PCI, + Cl, 


(III) NITROGEN (N;) 


(i) 

(ii) 
(ii) 
(iv) 
(у) 


(vi) 


Preparation of N, : 

NH,NO, — ,N, + 2H,O 

(NH,), Cr,O, _4_,N, + 4H,O + Cr,0, 

Ba(N,), — Ba + 3N, уро) N, obtained 

2NaN, _4_,2Na + 3N, by this method 

2NH, + 3NaOCI—> М, + 3NaCl + 3H,0 

2NO + 2Cu—> 2Cu0 + N, 

(red, overheated) (Black} 

Cl, passed into liquor NH, 

3Cl, +2NH,——>N, + 6HCI 

6NH, +6НС1—› 6МН, Cl 

ЗСІ, + 8NH, — N, + 6NH,CI 

In this method NH, conc. should not be lowered down beyond a particular limit. 
3Cl, +NH, —> NCI, + 3HCI 

CDinsesdoudy explosive) 


(ш) 


(iv) 


Properties of N,: 

It is inert due to high bond energy. 

It is absorbed by hot metal like Ca, Mg, Al etc. 
3Ca + №, —> Са,№, 

Bright hot 2Al + N, —— 2AIN 


ALO, + 3C +N, ——2AIN + 3CO 


(BN), : Inorganic graphile 

White slippery solid having 2D-sheet structure. 

(BN), —““> (BN), 

3-D network structure similar to diamond (Borazon) which is harder than diamond and used for diamond 
cutting. 


Na,B,O, + 2NH,CI —2 5 2NaCI + 2NH, + 2B,0, + H,O 
B,O, + 2NH, —> 2BN + 3H,O 
N, can be absorbed by calcium carbide at the temp around 1000^C СаС, 


CaC, + №, 1909€ , CaNCN +C 
— mmm 
cyanamide ion nitrolim 
Itis a very good fertilizer. 


Cyanamide ion 2€ 
Масех 


Фар 


(Ca(NCN) + С) + 39,0—» CaCO, + 2NH, + C 


\ Slowly decomposes / 
NH,-CO-NH, 


(Intermidiate formed) 


Types of Nitride : 


(i) 
(ii) 


(ш) 


Salt like or ionic : Li,N, Na,N, K,N (?), Са,№,, Mg,N,, Be;N, 


Covalent : AIN, BN, Si; N, Ge,N,, Sn;N, 


Interstitial : MN (М = Sc, Ti, Zr, Hf, La) 
HCP or FCC 

No of metal atom per unit cell is equal to no of octahedral voids per unit cell. 

All the octahedral voids are occupied by nitrogen atoms. Hence the formula is MN. 
HCP : Hexagonal closed pack 
FCC : Face centered cubic 
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(IV) OXIDES OF NITROGEN 


nitrogen 


Colourless 
Colourless 
Blue liquid (—30°C) 


Colourless solid | —(noexistence in gas phase 


Preparations: 
1. N,O 
(i) NH,NO, —э №,0 + H,O 
(ii) (NH,),SO, + NaNO, —> NH,NO, + Na,SO, 


N,O + 2H,0 
(ш) Zn + HNO, —> Zn(NO,), + N,O + H,O 
(dil.& cold) 
2 NO 
(i) Cu + HNO, (1 : 1) —э Cu(NO,), + NO + H,O 
hot 


(i) КМО, + FeSO, + H,S0, —> Fe,(SO,), + K,SO, + NO + HO 
FeSO, + NO —> FeSO, . NO_4_, FeSO, + NOT 


(ш) ^ Oswald process—Restricted oxidation of NH,. 
Industrial process. 


4NH, + 50, Se mar INO + 6H,0 
Oc, PI-Cat 


(1) HNO, + As,0, — H,AsO, + N,O, 
(п) Cu + НМО,(6М) —э Cu(NO,), + (NO+NO,) 
ASS BR 7 
| Cool( -30^C ) 
Blucliq(N5O, ) 


І 
() ы M(NO,), —-— MO + 2NO, + 0, 


2 

M = Pb, Cu, Ba, Ca 

(11) (Cu, Pb, Ag) + HNO, — 
(hot & conc.) 


M-nitrate + NO, + H,O 


5. К,О, 
(i) ^ 2HNO, + P,O, —> 2НРО, + N,O, 
(i) ^ 4AgNO, + 2Ci,(dry gas) —> ДАРСЇ + 2N ,0,+0, 


Properties: 
(1) Decomposition Behaviour 
(0) No “Orc ,2N, +0, 
(ii) 2NO __800°C_.N, +0, 
(ii) N,O, —Roomemp ,NO, + NO 
(Blue liq.) at (-30°C) 


Gv) 2NO, _82°C_, 2NO + O, 


NO, Шоо. 
(white solid) Brown gas 
at(-11?C) 


2 1 
(v) М.О, X 5 N ,0. en М, T 50, 
colourless yellow Е 

solid liq. 


(П) Reaction with H,O & NaOH 
H,O 


(i) N,O: Fairly soluble in water and produces neutral solution 


(ii) NO: Sparingly soluble in water and produces neutral sol”. 


(ii) М№,0,: 2HNO, 

Hence it is known as anhydride of HNO, 
(iv) | NO,: HNO,+HNO, called as mixed anhy dride 
(v) N,O,: 2HNO, called as anhydride of HNO, 


Other properties: 

N40: 230 —> 2N, + O, mixture contains 
Hence it is better supporter 133260, compared 
for combustion to 20941 in air 


S+ N,O— SO, + №, 
P+N, ,0—9 P,O, + +N, 
Mg + N O—> MgO +N, 
Na+ №0 — Na,O + №, 
Cu + N,O —э СиО + №, 
Н, + NO —9 H,O + №, 


NaNO, 
NaNO, + NaNO, 
NaNO, 


| 
МО: @) It bums : NO + ,09— NO, 


(ii) It supports combustion also for molten sulphur and hot phosphorous. 
$+ 2NO —9 SO, +N, 


5 
2P + SNO—> P,0, + №, 


(u) Itis being absorbed by FeSO, solution. 


(iv) — Itishaving reducing property. 
KMnO, + NO + H,SO, —» K,SO, + MnSO, + HNO, + H,O 
HOCI *NO *H, 7-24 HNO, + - HCI 


(v) NO shows oxidising property also. 
SO, + 2NO + H,O —> H,SO, + NO 
H, „Š +2NO—>H ,0+SJ+N,O 
3SnCl, + 2NO + 6HCI—> 3SnCl, + 2NH,OH 
(Used for NH,OH preparation) 


(vi) NO combines with X, (X,= Cl,Br,F,) to produce NO X 
2NO + X, —э 2NOX 


N,0,: No more properties. 

NO, : (1) It is having oxidising property. 
S + NO, —— 50, + NO 
P + МО, —э P,0, + NO 
C + NO, —9 СО, + NO 
SO, * NO, +H,O— H, SO, + NO 
H, „Š + NO, — Н; O+S} +NO 
CO + NO, — CO, + NO 


NO not formed : 2КІ + 2NO,—— I, + 2KNO, 
(2) Reducing property of NO,. 
KMnO, + NO, + H,SO, —> K,SO, + MnSO, + HNO, + H,O 


+4 +5 
( Ч 
O1 +2 М№Оз —э 05 + №,0, 
w 
notihereduction product of О, 


N,0, : I, + 5N,0, — LO, + 10NO, 
1,0, i is used for the estimation of CO 
LO, + 5СО — I, + 5CO, 


1, + 28,0; —> 21 + 8,02 
N,O, + NaCl —+ NaNO, + №О,СІ 


This likes proves that N,O, is consisting of ion pair of NO} & NO; 


Oxy acids of Nitrogen 


Oxidation No.of N 


Hyponitrous acid H,N,0, or HNO 
Hydroxynitrous acid H,N,0, or H,NO, 
or Nitroxylic acid 


Nitrous acid HONO or HNO, 
Pemitrous acid HOONO 

Nitric acid HNO, 

Pemitric acid HNO, 


(V) NITRIC ACID (HNO,) 
It was named aqua fortis (means strong water) by alchemists. 


Preparation 
(i) Laboratory Method 
КМО, + conc. H,SO, —9 KHSO, + HNO, (vap) 
vapours of nitric acid evolved are condensed i ina glass receiver. 


(ii) Industrial Preparation 
(A) Birkeland Eyde Process or arc process 


step 1 N, +0, E 2NO - heat 
step 2 NO + О, —» NO, 

step 3 NO, + H,O —» HNO, + HNO, 
step 4 HNO, —> HNO, + NO + H,O 


(B)  Ostwald's Process 


step 1 NH, +0, а= мо + H,O + heat 
step 2 NO +0, — 270» NO, 
step 3 NO, + H,O —9 HNO, + HNO, 
step 4 HNO, —> HNO, + NO + H,O 
Properties 
Physical 


Nitric acid usually acquires yellow colour due to its decomposition by sunlight into NO,,. 

4HNO, —Sut_, 4NO, + 2H,O + O, 
The yellow colour of the acid can be removed by warming it to 60-80°C and bubbling dry air through it. 
It has extremely corrosive action on the skin and causes painful sores. 


Chemical 
(a) It is very strong acid. It exhibits usual properties of acids. It reacts with basic oxides, carbonates, 
bicarbonates and hydroxides forming corresponding salts. 


(b) 


(i) 


(4) 


(ii) 


СаО + 2HNO, —> Ca(NO,), + H,O 
Na,CO, + 2HNO, —> 2NaNO, + H, О + co, 
NaOH Ф HNO, —> NaNO, + H,O 


Oxidising nature: Nitric acid acts as a strong oxidising agent as it decomposes to give nascent oxygen 
easily. 


2HNO, —> H,O + 2NO, + О 
or 2HNO, — + H,O+ 2NO + 30 


Oxidation of non-metals: The nascent oxygen oxidises various non-metals to their corresponding 
highest oxyacids. 


Sulphur is oxides to sulphuric acid 


5+ 6HNO, > H,SO, + 6NO, + 2H,O 


come amd hot 


Carbon is oxidised to carbonic acid 
C + 4HNO, — H,CO, + 4NO, + 2H,O 


Phosphorus is oxidised to orthophosphoric acid. 
2P + 10НКО, — 2H,PO, + IONO, + 2H,O 
conc. and hot 


lodine is oxidised to iodic acid 
I, + 1OHNO, — 2HIO, + 10NO, + 4H,O 
conc. and hot 


Oxidation of metalloids : Metalloids like non-metals also form highest oxyacids 
Arsenic is oxidised to arsenic acid 

2As + 1OHNO, — 2H,AsO, + 1ONO, + 29,0 
or As + SHNO, 5 H,AsO, + NO, +H,O 

conc. and hot 


Antimony is oxidised to antimonic acid 
Sb + SHNO, — H,SbO, + 5NO, + H,O 
conc. and hot 


Tin is oxidised to meta-stannic acid. 
Sn + 2HNO, — H,SnO, + 4NO,+H,O 


Oxidation of Compounds: 
Sulphur dioxide is oxidised to sulphuric acid 
SO, + 2HNO, — H,SO, + 2NO, 
Hydrogen sulphiode is oxidised to sulphur 
H,S + 2HNO, — 2NO,+2H,O+S 
Ferrous sulphate is oxidised to > ferric sulphate in presence of H,SO, 
6FeSO, + 3H,SO, + 2HNO, — ЗЕе,(50,), + 2NO + 4H Ко 
lodine is liberated from КІ. 
6KI + 8HNO, > 6KNO, + 2NO + 31, + 4H,O 
HBr, HI are oxidised to Br, and L, respectiv ely. 
2HBr + 2HNO, > Вг, + 2NO, +2H,O 
Similarly, 2HI + 2HNO, >l , * 2NO, + 2H 0 
Ferrous sulphide is oxidised to ferrous sulphate 
FeS + HNO, — Fe,(SO,), + 8NO, + 4H,O 


(7) Stannous chloride is oxidised to stannic chloride is presence of HCI. 
2HNO, + 14H — NH,OH + NH, + 5Н,О 
Hydroxylamine 
NH, + HNO, — NH,NO, 


7SnCl, + 14HCI + 3HNO, — 7SnCl, + NH,OH + NHNO, +5H,O 


(8) Cane sugar is oxidised to oxalic acid. 
C,,H,,0,, + 36HNO, — 6(COOH), + 36NO, + 23H,O 


(с) Action on Metals: Most of the metals will the exception of noble metals like gold and platinum are 
attacked by Nitric acid plays a double role in the action of metals, i,e, it acts as an acid as well as an 
oxidising agent. Armstrong postulated that primary action of nitric acid is to produce hydrogen in the 
nascent form. Before this hydrogen is allowed to escape, it reduces the nitric acid into number of prod- 
ucts like NO,, NO, N,O, N, or NH, according to the following reactions: 

Metal + HNO, Бат Nitrate +H 
2HNO, + 2H—> 2NO + 2H,O 
2HNO, + 6H—> 2NO + 4H,O 
2HNO, + 10H —> №, + 6H,O 
2HNO, -16H— 2NH, - 6H 0 


The progress of the reaction is controlled by a number of factors: 
(a) the nature of the metal, 

(b) the concentration of the acid, 

(c) the temperature of the reaction, 

(d) the presence of other impurities. 


Concentration of Metal Main Products 

nitric acid 
Mg. Mn H, + Metal nitrate 

Very dilute HNO, (66) -------------------- nunen mnnn mm 
Fe, Zn, Sn NH,NO, + metal nitrate + H,O 


Dilute HNO, (20%) Fe, Zn МО + metal nitrate + H,O 
Sn NH,NO, + Sn(NO,) 
Zn, Ее, Pb, Си, Ag NO, + metal nitrate + H,O 
Conc. HNO,(70%) — 0 0 -------------—-----------------------------з-ззззо-оз-ззосес-сз 
Sn NO, + H,SnO, 
Metastannic acid 


Action on Proteins 
(i) Nitric acid attacks proteins forming a yellow nitro compound called xanthoprotein. It, therefore, 
stains skin and renders wool yellow. This property is utilized for the test of proteins. 


(ii) Oxidation A number of organic compounds are oxidised. 
Sawdust catches fire when nitric acid is poured on it. Turpentine oil bursts into flames when treated with 
fuming nitric acid, Cane sugar is oxidised to oxalic acid. Toluene is oxidised to benzoic acid with dil. 
HNO.. 
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Structure 


@) 


(ii) 


(ш) 


Nitric acid is a monobasic acid, i.e., the molecule consist of one hydroxyl group as it is formed by the 
hydrolysis of nitryl chloride, NO CI. It may be structurally represented as below: 

Z9 

“о 


HO-N 


Gaseous nitric acid is a planar molecule. The bond lengths and bond angles as present in the molecule 
are represented in the figure: 


AMMONIA (NH;) 


Discovery : - Berthelot, in 1788, pointed out that ammonia is a compound of nitrogen and hydrogen. 
In 1800, Davy established its formula NH.. 


Preparation : 
Ammonia is obtained on a small scale from ammonium salts which evolve it when heated with caustic 
soda or lime. 

NH,CI + NaOH — NH, + NaCl + H,O 

2NH,CI + Ca(OH), — 2NH, + CaCl, + 2.0 

(Slaked lime) 


Ammonia is formed when ammonium chloride is heated with litharge 
2NH.CI + PbO — 2NH, + РЬСІ, + H,O 


By reacting nitrides with water, ammonia is obtained. 
АШ + 3 H,O — A(OH), + NH, 
Mg,N, + 6H,O — 3Mg (ОН), + 2NH, 


MANUFACTURE OF AMMONIA 


(i) 


(a) 


(b) 


Haber's process : Principle : Haber process is the most important industrial method of preparing 
ammonia. This method was discovered by a German chemist Fritz Haber. The method involves the 
direct combination of nitrogen and hydrogen according to the following reaction. 

N, + ЗН, ===> 2NH, + 24.0 kcal 
The reaction is reversible, exothermic and formation of NH, is followed by a decreased in volume. 
According to Le Chatelier's principle, the optimum conditions for the greater yield of ammonia are: 
High pressure : Usually a pressure of 200 atmospheres is applied. 


Low temperature : The working temperature of 450—550?C is maintained. 


(с) 


(ш) 


Catalyst : At low temperature, although the yield of ammonia is more yet the reaction is very slow. 
In order to speed up the reaction, a catalyst is used. The following catalysts have been proposed 
for this purpose. 

(i) Finely divided iron with some molybdenum as a promotor. 

(ii) Finely divided nickel and sodalime deposited over pumice stone. 


Raw materials : Nitrogen and hydrogen are the chief raw materials. Nitrogen is obtained from 
air by liquefaction followed by fractional evaporation of liquid air. Hydrogen is obtained by elec- 
trolysis of water. 


Physical properties : 

(i) Ammonia is a colourless gas with a characteristic pungent odour. It brings tears into the eyes. 

(ii) It is lighter than air . 

(iii) Itis highly soluble in water. One volume of water dissolves 1300 volume of ammonia at 
0°C and | atmosphere. The high solubility is due to the hydrogen bonding. The solubility 
of ammonia increase with increase of pressure and decreases with increase of temperature. 


(iv) It can be easily liquefied at room temperature by the application of pressure. The liquid 
ammonia is colorless and boils at -33°C. It freezes at —78°С. Liquid ammonia has a large 
heat of vaporization (327 cal/g.). It is, therefore, used in ice-plants. 

Chemical Properties : 

Stability : It is highly stable. It decomposes into nitrogen and hydrogen at red heat or when electric 

sparks are passed throughout it . 

МН. <= N+ SH, 


Basic nature : Ammonia is a Lewis base, accepting proton to form ammonium ion as it has tendency 


н | 

UM H-N>H "E 

to donate an electron pair. H-N:«H' — | It forms salts with acids. 
H 


H 
NH, + НСІ —9 NH,CI (Ammonium chloride) 
Thick white fumes 
Oxidation : It is oxidised to nitrogen when passed over heated CuO or PbO. 
3CuO + 2NH, > 3Cu +N, + 3H,O 
3PbO + 2NH, — 3Pb + N, + 3H,O 
Both chlorine and bromine oxidise ammonia. 
2NH, + 3Cl, > №, +6 НСІ 
6NH, + 6НСІ — 6 NH, CI 


8 NH, + 3Cl, > N, + 6NH CI 
(Exess) 
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When chlorine is in excess an explosive substance nitrogen trichloride is formed. 
NH, + 3СІ, > NCI, + 3 НСІ 
Hypochlorites and hypobromite oxidise ammonia to nitrogen. 
2NH, + 3NaCIO — N, + 3NaCl + 3H,O 
The oxidation of ammonia with bleaching powder occurs on warming. 
3CaOCl, + 2NH, — 3CaCl, + №, + 3NaCl + 3H,O 
Thus, ammonia acts as a reducing agent. 


Uses: 

Liquid ammonia is used in refrigeration on account of its large heat of evaporation. 

Ammonia is used in the form of ammonium hydroxide (aq. solution) in the laboratory in. qualitative and 
quantitative analysis. 

Ammonia is used for making artificial silk. 

It is used as a cleansing agent for removing greese. 

Phosphorous : 

(1) Phosphorous is largely used in match industry. 

(2) White phosphorous is used as a rat poison. 


PHOSPHOROUS 


TYPES OF PHOSPHOROUS 


(i) 


(а) 


(b) 


(c) 
(d) 
(e) 


(f) 


(1) Yellow or white Phosphorous (ii) Red Phosphorous (iii) Black Phosphorous 


© 
R 
© <p 

White Р exist as discrete Р, molecules. It has tetrahedral geometry. Bond angle is 60° instead of 
109°. With this Bond angle white P is associated with strain and because it is less stable or more 
reactive, 
Ignition temp of white P is 30°C. i.e. it is highly reactive and when it undergoes ignition, it releases 
large amount of energy and this energy is emitted in form of light which is called as Fluorescence. 
i.e. white P glows into dark. 
Because of high reactivity of white P it is stored on H,O. 
White P slowly changes into Red P and it will get yellow colouration and finally Red. 
If Red P has little % of white P in itas impurity then it is purified by adding NaOH white P undergoes 
reaction whereas red P not. 
White P is highly poisonous. 


White P : 


(ii) Red P : 


-PLI >P- 
P 
(a) Formed from white P by breakage of one P — P bond and so chain of P, molecules is formed. 
(b) Long chain of P, molecules are formed and when compared with white P, red P has more density, 
less reactive with Breakage of P — P bond, strain related with P, molecules decreases. 
(c) Ignition temp of red P is above 230°C 


(iii) ^ Black P : 


(a) Exist in the form of Hexagonal layers like graphite. 
(b) It is least reactive and has maximum density. 

(c) Black P exist as solid of high density. 

(d)  Itisa conductor of electricity. 


INTERCONVERSION OF WHITE 'P' & RED 'P' 


White P — ETE , Reg p 


inaninertatm like 
N, or со, 
T; :catatyst 


heated toS80^C а 
Red P. —— White P 
inan inert atm. and then 
rapid cooling to room temp. 


Preparation of white 'P' 


both havesame formula 


(i) Boneash orApatite rock | Ca,(PO,), + 3510, . 299€ , 3CaSiO, + P,O, 
— —————— 


2P,0,+ ТОС — C, р + 100 T 
(Coke) white P^ 


(ii) Ca,(PO,), + 3H,SO, (conc.)—> 3CaSO, + 2H,PO, 
H,PO, —““> НРО, 
3 -H 


* 


S meta phosphoric acid 


12C + 4HPO, — Є > 2H, + 12С07 +P, 
Coke white 'P' 
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REACTIONS OF 'Р' 


+ P + H SO, (hot & conc.) —9 H,PO, + SO, + H,O 
P + KIO, m —— Н,РО, +1, + KSO, 

Е Reaction with hot меш ЕЗ 
3Na + P —9 Na,P 
3Mg + 2P —9 Mg,P, 
3Ca + 2P —» Ca,P, 
2Cu + 2P —9 Cu, P, 
Al+P——> AIP 
Ca,P, +H,O—> M(OH), + PH, 

or Mg;P, or AIP 


PREPARATION OF PH, (PHOSPHINE GAS) 


(i) 4H,PO, —~» PH, + 3H,PO, 
(ii) РН + КОН — KI + PH, + H,O 

(PH, + HI) Purest PH, 
(iii) 2AIP + 3H,SO, —o AL(SO,), + PH,T 


Physical Properties 


(1) It is having ‘rotten fish' smell 
(ii) Itis soluble in CS, and insoluble in water. 
(NH, is soluble in water) 


NH; + OH- 


(es +H,0—> PHj- OH 
in s-orbital, so donating capacity is less 


PH, is formed with acids 
(ii) Like NH,, PH, also can form addition product. 
|? 


CaCl,* МН, Cu,Cl, * 2PH,, AICI, * 2PH,, SnCl, * 2PH, 
PH, can be ы by C a(OC DCI. 

PH, +3Са(ОС1)С1 + 3H,O —> PCI, + 3HCI + 3Ca(OH), 
2NH, + 3Ca(OCI)CI —5 N, + 3CaCl, + 3H,O 


OTHER REACTIONS OF PH, 


(i) PH, +0, —=,P,0, + H,O 
(ii) PH, * 3Cl, —» PCI, + 3HCI 


(ii) ^ PH,+4N,0 "> Н PO, + 4N, 
sparking 


(iv) 2PH, + ЗСиЅО, —» Cu,P,4 + 3H,SO, 
Detection of PH, Black ppt. 
(v) РН, + 6AgNO, —O [Ag,P * 3AgNO,+] + 3HNO, 
yellow ppt. 
Ag,P * 3AgNO, + 3H,0 —o 6Agi + ЗНМО, + Н,РО, 
Black ppt. | : 
(vi) РН, + 4HCHO + НСІ —» [Р(СН,ОН) [СГ 


white/colourless solid 
which ts used for making 
fire-proof cotton fabrics 


Example of dehydrating reaction of P,O, 
HCIO, + Р.О, —> 2НРО, + - Cl О, 
H,SO, * P0, ——› 2HPO, +50, 
HNO, + P.O, "> 2HPO, + N,0, 


Illustration 


Ол In P,O, and P,O,,, the number of oxygen atoms bonded to each phosphorus atoms 
are respectively - 
(A) 3 and 3 (B) 4 and 4 (C) 3 and 4 (D) 4 and 3 

Ans. (С) 

Sol In P,O, each phosphorus is linked to three oxygen atoms; whereas in P,O,, each phosphorus atom 
is linked to four oxygen atoms. 


Q.2 Choose the reactions which would liberate nitrogen gas? 


(A)Ca(OCI)CI + NH, =", э (B) NH, + PbO —— ? 
~ medium 
(C) NH, (excess) + Cl, —— ? (D) NH,Cl+ NaNO, —— ? 


Ans. (A,B, e D) 


Sol  (A)3Ca(OCI)CI + 2NH, —“"*_, 3CaCl, + N,T + 3H,O 
mechum 


(B) 2NH, + 3PbO —*> 3 Pb + №, + 3H,0 
(C) 8NH, (excess) + 3Cl, —— №, f + 6NH,CI 


(D) NH,CI + NaNO, —5— NH,NO, + NaCl 
NH,NO, —>N, t +2H,0 ] 


Exercise 


Q.1  Thecorrect sequence of decrease in the bond angle ofthe following hydrides is - : 
(A) NH,» PH, > АѕН;> SbH, (B) NH,> AsH, > PH,» SbH, 
(C) SbH,> AsH, > PH,» NH, (D) PH,> NH,>AsH,> SbH, 
Ans. (A) 
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OXYGEN FAMILY 


Group 16 Elements (Oxygen family) 


The Elements are O, S, Se, Te, Po 
(Chalcogens) 


Atomic and Physical Properties 


(1) 
(2) 
(3) 
(4) 
(5) 
(6) 


(7) 


(i) 


(ii) 


(ш) 


(8) 


Atomic radii and Ionic radii : Covalent radius : О < S < Se < Te 
Ionization Enthalpies : О > S > Se > Te > Po (IE, values) 
Melting and Boiling points M.P.: Te>Po>Se>S>O 
В.Р Te>Po>Se>S>O 

Electronegativity : О > S » Se » Te 
Metallic Character : О < S < Se < Te < Po 
Elemental State : Oxygen exist as diatomic molecular gas in this case there is px — px overlap thus 
tow О atoms form double bond О = О. The intermolecular forces іп О, are weak VB forces. ~. О, 
exist as gas . Оп the other bond, other elements of family do not form stable pz - px bonds and do not 
exist as M, molecules. Other atoms are linked by single bonds and form poly atomic complex molecules 
for eg. S- S, Se- S, 
Allotropy : All element exhibit allotropy for e.g. 
Oxygen - O, and O, 

Liquid O, - pale base 

Solid O, - blue 
Sulphur - 
The main allotropic forms are 
(1) Rhombic sulphur (о sulphur) 
(и) Monoclinic (В sulphur) 
(iii) Plastic sulphur (8 sulphur) 


Rhombic Sulphur (a sulphur) 
This allotrope is yellow in colour (m.p. 385.8 K). 


Itis insoluble in water but readily soluble in CS.. 


Monoclinic Sulphur (B sulphur) 


Itis soluble in CS, 
>95,5° 

Мес ——— Эй 
<95.5°С В 


Plastic Sulphur (6 sulphur) lt is insoluble in CS,. 


Catenation 

In this group only S has a strong tendency for catenation oxygen has this tendency to a limited extent. 
H,O, H-O-O-H (Poly oxides) 

H,S, H-S-S-H (Polysulphides or polysulphones) 

H,S, H-S-S-S-H 

H,S, H-S-S-S-S-H 
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SULPHUR CHEMISTRY 


Allotropes: (1) Rhombic or a-sulphur. \ S(a) == sp) 


: . Se below above 
(ii) Monoclinic or B-sulphur. 95.5*C 95.5°C 
(ai) ^ y-Sulphur 


Amorphous forms are 

(1) Plastic sulphur 

(ii) Milk of sulphur 

(i) Colloidal sulphur 
Viscosity of'S' with temperature: ne 190°C 
m.p. of'S'—112.8°C. 


7 112.8*C to 160°C — slow decreases due to ] 
S, rings slip and roll over one another easily. 160°C 


> 160°C, increases sharply due to breaking of 
S, rings into chains and polymerases into large size chain. 
190°C, again large chains are being broken into small chain. 


Milk of sulphur : 


Powdered '5' + Ca(OH), suspension——> Solution Абед › Milkof'S' 


12 S + 3Ca(OH), —> 2CaS,; + CaS,0, + 3H,O 
2Са5; + CaS,0, + 6HCI —9 3CaCl, +1254 3H,0 


Colloidal Sulphur: — Na,S,O, + 2HCI —— 2NaCI + H,O + SO, +5 { 
2H,S + SO, —> 3 4 +2H,0 


Props. of 'S': (a) ThinC u-strip catches fire in sulphur vapour. 


Cu+S—> Cus. 

(b) 'S' burns spontaneously in fluorine. 5 + 3F, —9 SF, 
Cl, passed into liq. sulphur => 2 S + СІ, > 5,С1, 

(c) S + 2H,SO, —— 350, + 2Н,0 
S + 2HNO, Н „SO, +2NO 

(d) 45+6 кон —, 2K,S + K,S,0, + 3H,O 

(e) Bums in air: S + О, —9 SO, 


FAMILY MEMBERS OF VI'" GROUP 


Oxygen : (O) 
Oxygen Molecule (О,) : 
(1) In air as O, to the entent of 21% by volume or 23% by weight. 
(2) Lab method to produce O, is. 
2NaO, + 2H,O ——> 4NaOH + О, 
(3) _ Airis liquefied by use of joule - Thomson effect {cooling by expansion of gas}. 


(i) 
(1) 


(ш) 


(vi) 
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(4) Reaction with compounds : 
(a) Contact Process : 


2SO, + О, __Prasdesws , 2SO, 
(b) Ostwald Process : 
4NH, + 50, _PtGaze_, 4NO + 6H,O 
(с) Deacon's Process : 
4HCI + О, = 2CI, + 2H,0. 
(5) Uses : 


(a) Oxy-Acetylene flame is used for cutting process and welding process. 
(b) _ Liquid oxygen is a constituents of fuels used in rockets. 


Oxides : 

A binary compound of oxygen with another element is called an oxide. 

(a) Oxygen combined nearly with all other elements except inert gases, noble metals and halogens. 

(b) The binary compounds of oxygen with other element are called oxides. Hence, the compounds 
of oxygen and fluorine (OF ,, O., Е.) are not called as oxides. 


Unstable deep blue, diamagnetic gas, with fishy smell. Toxic enough (more toxic than KCN). It's intense 
blue colour is due to the absorption of red light. 


2F, +2H,O——> 4HF +0, рине oxygen 
F, + 3H,O —> 6HF + О, 

These are separated by passing into spiral tube cooled into liquid air. Ozone condenses at -112.4?C. 
[b.p. of O, -183°C ; b.p. of liq. air is -190*C] 


Oxidising property of O, 
Itis one of best oxidising agent, in acid solution, its standard, reduction potential value is 2.07 V. 
О, + 2H* + 2e — О, + HO E° =+2.07 V 


It is next to F,. [above 2.07 V, only F,, F,O are there] 
Metal Sulphides to Sulphates, 

MS + 40, —> MSO, + 40, [M = Pb, Cu, Zn, Cd] 
2HX + 0, —> X, + H,O + O, [X = CI, Br, 1] 


Moist S, P, As + О, => 
S + H,O + 30, —9 H,SO, + 30, 
2P + 3H,O + 50, —> 2H,PO, + 50, 
2As + 3H,O + 50, —» 2H,AsO, + 50, 


| a E 
ак. 
KI + 40, —> KIO, +40, 


(vi) 


Hg loses its fluidity (tailing of Hg) 
2Hg + O;—> Hg;O +0, 
similarly 2Ag * O, —9 Ag,O +0, 


Brown 


BaO, + О, — BaO + 20, 
H,O, + 0, — H40 + 20, 
Na,O, +0,+HO—> 2NaOH + 20, 


Absorbent: (1) Turpentine oil 


Uses: 


(1) 


(2) 


(3) 


(4) 


(5) 


(11) Oil of cinnamon 
(i) Sterilising water 
(ii) Detection of position of the double bond in the unsaturated compound. 


Classification of oxides 
Acidic oxides — H,O + СО, — H;CO,. 
eg — CO, B,O,, SiO, №,0,, NO,,N,O,, P,O, 


Note: Mixed anhydrides — Those oxides which form two oxy acids. 
eg 2М№О, + H,O 5 HNO, + HNO, 
P,O; + 6Н,О — 2H,PO, + 2H,PO, 
SiO, + 2NaOH — Na,SiO, + H,O 
salt water. 


Basic oxides : 

Oxide + H,O — alkali ; e.g. Na,O + H,O — 2NaOH 

Oxide + acid — salt + H,O ; e.g. CuO + H,SO, — CuSO, + H,O 
Oxide + Acidic oxide — salt ; e.g. PhO + SO, — PbSO,. 


Neutral Oxide: 
Oxide + Acid > No reaction 
Oxide * Base — No reaction 
e.g. CO, H,O, N,O, NO etc. 


Amphoteric oxides — React with acid & base both to form salts. 
e.g. ZnO, Al,O,, ВеО, 5Ь,0,, Cr,O,, PbO, PbO, etc. 
ZnO + 2МаОН-› Na,ZnO, + H,O ; ZnO + нсі ZnCl, + H,O 
ALO, + 2NaOH — 2NaAl0, + "H,O; Al,O, + 6HCI ^ 2AICI, * 31,0 
PbO + 2NaOH > Na,PbO, + H;O ; PbO + H,SO, > PbSO, + H,O 
Cr;O, + 2NaOH — №а,Сг,О;+Н,0 ; Cr,O, + 3H,SO, — Cr,(SO,), + 3H;0 


Compound or mixed oxides — Oxides which behaves as mixture of two simple oxides. 
eg  Pb,O, QPbO + PbO,) 
Fe,O, (FeO + Fe;0,) 
Mn4O, (2MnO + MnO,) 


Saved /storage/emulated/0/Pictures/TouchShot/ 


201708097002812.ipq 


(6) 


(7) 


(5) 


(9) 


21 


Peroxides — Oxides + dil acids — Н,О, 
e.g. Na,O, + H,SO,(dil) + Na,SO, + Н,0, 
BaO, + H,SO,. (dil) — BaSO, + H,O, 


Dioxides — Like peroxides, these also contain excess of oxygen but do not form Н,О, with dilute 
acids. They evolve chlorine with conc. HCl and oxygen with conc. H,SO,. 
е.в. ә PbO,, MnO, 
MnO, + 4HCI conc. — MnCl, + Cl,+ 2H,O 
2MnO, + 2H,SO, (conc.) > 2MnSO, + О, + 2H,O 


Suboxides — The oxides which contain less oxygen than expected from the normal valency of the 
elements are termed sub-oxides. 
eg. Carbon suboxide- C,O, 
Lead suboxide - Pb,O 
Nitrous oxides - N,O 


Superoxides — These oxides contain О, ion. 

eg. KO, КЬО,, CsO,. 
These react with water to give hydrogen peroxide and oxygen. 
2KO, + 2Н,0 — 2KOH + H,0, + О, 


Sulphur (S): 

Atomic Number : 16 

Outer electronic configuration : 3s* 3р„23р! ,3p', 
Number of unpaired electrons : 2 

Covalency : 2 

Oxidation States : -2, 0, +2, +4, +6 


Occurrence : Sulphur is one of the widely occuring element. It constitutes about 0.1 percent of the 
earth's crust. It is found in free (native) as well as combined state. [n the combined state it occurs as 
sulphides and sulphates. 

As sulphides : Cinnabar (HgS), Galena (PbS), Zinc blende (ZnS), Copper pyrites (CuFeS,) 

As Sulphates : Gypsum (CaSO,, 29,0), barytes (BaSO,), epsomite (MgSO,.7H,O). Organic 
substances such as eggs, proteins onions, garlic, mustard, hair and wool contain sulphur. 


Properties 


* 


WP ow Mo 


Physical Properties : 

Sulphur isa pale yellow, crystalline, brittle solid. It is odourless and tasteless, 

It has no physiological action on human beings as it is poisonous to lower organisms. 

Itis poor conductor of heat and a bad conductor of electricity. Hence sulphur is a very good insulator. 
Itis insoluble in water but soluble in carbon disulphide, sparingly soluble in alcohol and ether. 

Buming : When heated to about 250°C sulphur burns in air with a pale blue flame forming mainly 


$ + O, Heated $ O, 


250°C 
(air) 
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(iii) 


(iv) 


(v) 


USES: 

For vulcanization of rubber. 

In match industry and fireworks. 

As a disinfectant for houses, for destroying bacteria, fungi, insects, etc. 

For the manufacture of SO,, CS,, H,SO, etc. 

In manufacture of sulphur dyes. 

In skin medicines. 

For preparing gun powder (a mixture of charcoal, sulphur and potassium nitrate). 


9 M WA м ш юу; 


Po is radioactive element 


Allotropic forms of Sulphur : 
Rhombic octahedral or a-sulphur : 


Monoclinic Prismatic or B-sulphur : 
(a) These two sulphur are called as enantiatropic substances 
a - sulphur —— > f - sulphur. 


(b . «and sulphur are crystalline and rest being amorphous and exist as S, cyclic molecule. 
Plastic or y sulphur : It is obtained by quenching of boiling sulphur in a thin stream to cold water. 


Milk of sulphur : It is obtained by boiling milk of lime with sulphur and decomposing the products with 
HCI. 

> 3Ca(OH), + 125 —— — 2CaS, + Са5,0, +3H,0 

= 2CaS; + Са5,0, + 6HCI ——> 3CaCl, + 3H,O + 125 


Milk of sulphur is soluble in CS, and is mainly used in medicine 


Colloidal or 5-sulphur : It is prepared by passing H,S through a solution of an oxidising agent 
Eg HNO,+H,S——> 2NO,+2H,O+S 


Uses of Sulphur: 
(a) In manufacture of H,SO,, CS, gun powder etc. 
(b) Vulcanisation of rubber, 


COMPOUNDS OF SULPHUR 


(i) 
(ш) 


Hydrogen sulphide (H,S): 

Also known as sulphuratted hydrogen. 

Lab method : Kipps apparatus 

FeS + Conc. 2HCl ———» FeCl, + H,S 

In this reaction conc. HNO, cannot be employed because HNO, is a oxidising agent and converts H,S 
into colloidal sulphur. 


(ш) 


(iv) 


(i) 


(i) 
(1) 


(iii) 
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56,5, + 6HC] ——> 2SbCI, + 3H,S. 
Antimony sulphide 
Here H,S is rotten egg smelling gas. If conc. HNO, or H,SO, is added the rotten smell of H,S disappears. 


Properties : 
(1) H,S+Pb(CH,COO),——> PbS (Black) + 2CH,COOH 
This would be confirmatory test for H,S. 
(2) It bums in air with a blue flame. 
2H,S + O0, ——> 2Н,0 + S 
If the air supply is in excess. 
2H,S + 30, ——— 2H,0 + 250, 
(3) It reduces moist chlorine to НСІ 
H-S + Cl, (moist) ——— 2HCI+S 
(4) Itisa mild acid 
H,S ——> S*+2H* 
H,S ===> SH +H* 
(5) Ferric salts reduced to ferrous salts 
HS + 2FeCl, — —» 2FeCl, + 2НСІ + S 
(6)  Acidified KMnO, gets decoloured by H,S. 
2KMnO, + 5H,S + 3H,SO, ———» K,SO,+2MnSO, + 8H.O + 5S 
(77 Acidified K,Cr,O, becomes green in colour. 
3H,S + K,Cr,0, + 4H,S0, ——> K,SO, + Сг,(50;), + 8H,O + 3S 
green colour 


SO, Sulphur di-oxide : 


ў, 

S 
ё% 
* х bond for nuclei dx - рл bond. 
е v - shape or trigonal planar. 


Bleaching Property : SO, acts as a bleaching agent in following two ways. 
Inthe presence of H,O, it is oxidised with the liberation of nascent hydrogen which reduces the colouring 
matter to colourless. 
SO, + 2H,O — —» H,SO, + 2[H] 
Colouring matter + 2[H] ——> Colourless compound. 
(2) X-OH+SO,——— X - HSO, 
Coloured Colourless 
Preparations : 
(1) Lab Method : By heating copper turnings with conc. H,SO,,. 
Cu + 2H,SO, (conc.).. * , CuSO, + SO, +2H,O 
(2) By roasting ZnS or iron pyrities. 
2ZnS + 30, — —» 2ZnO + 250, 
4FeS, + НО, ———» 2FeO, + 8SO,. 
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(iv) 


(1) 


(2) 


(3) 


(3) Reaction of anhydride with coke : 
2CaSO, + C ———» 2Ca0 + CO, + 250,. 


Physical Properties : 
(1) Itis pungent smelling suffocating gas (2) Itis soluble in H,O 


Sulphur trioxide (SO,): 


o So 
triagonal planar molecule. 
Preparation : 
1. Action of heat on Ferric sulphate 
Fe,(SO,), ———> Ре,О, + 350, 
2. Commercial Method : By the oxidation of dry SO, with dry oxygen. 


280, + 0, —— 250, 
SO, and O, are first dried by passing through conc. H,SO, and then passed over heated (400°C) 
platinsed asbestos contained in a hard glass tube. 


Physical Properties : It exists in atleast three forms a-SO,, p - SO, and y - SO, 

The structure of solid SO, is complex. It possesses cyclic trimer (a form) structure. 

(a) a form: It is branched and sheet like structure 

(bD andy forms: It possesses an infinite helical chain made up of linked SO, tetrahedron. 


О, PD 
1 Il " o ^o 
EE NL did MS S! 129 
о О о а 
В - form у - form 


Chemical Reactions : 
1. It dissolves in conc. H,SO, to form pyrosulphuric acid (oleum) 
SO, + H,SO, ——> H,S,0,. 
2. SO, + 2HBr———9 H,O + Br, + SO,. In this SO, is used as an oxidising agent. 
Oxy Acids of Sulphur: 
(a) Sulphurous Acid (H,SO,): 


по 


Structure of Sulphurous Acid (Н,50,) 


(b Sulphuric Acid (H,SO,) or oil of vitrol : 
Preparation : Mainly two process used 


(А) 


Note : 
1. 


(В) 


(4) 


(1) 
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Lead Chamber Process : 


$+0,——>S0, 
FeS, + 20, ——> Fe,0, + 450, 


NO (Nitric Oxide) produced takes oxygen from air and gets converted back to nitrogen dioxide. Thus 
oxide of nitrogen take oxygen from air and pass it to SO, and thus act as oxygen carriers. 

2NO + О, ——> 2NO, 
Itis seen that in the presence of an insufficient quantity of steam or water spray, lead chamber crystals of 
the composition SHSO,. No are obtained. 


Contact Process : 
S + 0, — SO, 
FeS, + О, — — Fe;0, + SO, 
280, + O, ——> 250, + Energy 
Initially Pt. was employed as catalyst but now У ,О, is used because Pt is poisonous. 
SO, + conc. Н,50, ———9 H,S,0, но, 2H,SO, 
Oleum 


To get the appropriate amount of H,SO, contact process is utilised. 


If bottle of H,SO, is opened, it absorbs unlimited amount of moisture and H,SO, overflows to conc. 
H,SO, is deliquescent liquid which is highly viscous and has high density. 


When H,SO, is done dilute by adding water the reaction being highly exothermic so temperature increases 
to 120°C and thus along with water vapour the energy released when conc. H,SO, is contacted with 
skin, causing burning. 


Conc. H,SO, + Glucose ———» 6С + 6H,O 


The white sugar changes to black and this is called charring of sugar (Blackening of sugar). This is the 
conformation test of H,SO, . 


Chemical Reaction of H,SO, : 


It has greater affinity for water. Hence is used for drying of all gases except ammonia. It is also employed 
as dehydrating agent. 
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(2) 


(i) 


(ii) 


(ш) 


(iv) 


(у) 
(vi) 


(a) С.Н,,О, so. , 12C + 11H,0 


This called as charring of sugars. 
COOH 
(b) | —ome #50 СО + СО, + Н,0 
соон 
(с) Chloro benzene + Chloral _ ©г© #50. , DDTE. 
2 : 1 


Action with potassium ferrocyanide: 
K,Fe(CN), + 6H,SO, + 6H,0 ———» 2K,SO, + FeSO, + 3(NH,),SO, + 6CO 


Uses : 
(a) It is regarded as king of chemical. 
(b Inmanufacture of explosives (T.N.T, gun cotton) etc. 


(c) Asapickling agent : Pickly is an industrial process for removing layers of basic oxides from 
metals like Fe and Cu. Before electroplating, galvanizing and soldering. 


SODIUM THIOSULPHATE 
Ргер".: 
Na,SO, sol". + S (powder) — Peiling , Na,S,O, .. exporsion. , Ма,5,0,.5Н,О, monoclinic crystal 
sO, [Na,CO, + 250, + H,0—P 2NaHSO, «CO, 
passed. | 2NaHSO, + Na,CO, —— Na,SO, + H,O « CO, 
NaCO, 


excess 


Na,SO, + 4C „шшш, Na,S + 4CO 
Salt cake Coke SO} passed into it 


Na,S,0, [350, + 2Na,S —> 2Na,S,0, + 5 ] 
2Na,S + Na,CO, + 450, —> 3Na,S,0, + CO, 


6NaOH + 4S —> Na,S,O, + 2Na,S + 3H,0 
3Ca(OH), + 12 5 —> СаЅ,О, + 2CaS, + 311,0 


Na,SO, + Na,S + 1, —9 Na,S,O, + 2Nal 
2Na,S +20, + H,O —> Na,S40, + 2NaOH [Na,S is readily oxidised in air giving rise to Na,S,0,] 


Props: (1) 4Na,S,O, —— NaS, + 3Na,SO, 
(ii) Na,S,O, + 2H' —> H,S,0, —™ H,O +0, + S J (White turbidity) 
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Reaction: — () Ма,5,0, +1, ——— ——9 S40; + 2 


+ Cl, - water——» SO? +5 + 2HCI 
+ Br, — water —> SO? + S + 2HBr 


+401 + 20H- —> 2807 + 4E + H,O 
+ 4Cl, + SH,O —> Na,SO, + 8HCI + H,SO, 


excess 
Illustration 


Q.1 Compounds A and B are treated with dilute HCI separately. The gases liberated are Y and Z 
respectively. Y turns acidified K,Cr,0, paper green while Z turns lead acetate paper black. The 
compounds A and B are respectively - 


(A) Na,S and Na,SO, (B) Na,SO, and Na,S 
(C) NaCl and Na,CO, (D) Na,SO, and Na,SO, 
Ans. (B) 


Sol 50, turns acidified K,Cr,O, paper green. 
Na,SO, + H,SO, — Na,SO, + SO, + H,O 
(Y) 
K,Cr,0, + H,SO, + 350, — Cr,(SO,), + K,SO, + H,O 
Green 
H,S turns lead acetate paper black. 
Na,S + H,SO, —э Na,SO, + H,S 
(Z) 
H,S + Pb(CH,COO), —» PbS + 2CH,COOH 


Exercise 


Q.1  Thecorrectorder of decreasing stability of hexafluorides of group 16 members is - 


(A) SF, > SeF, > TeF, (B) TeF, > SeF,> SF, 
(C) SF, > TeF > SeF, (D) TeF, >SF, > SeF, 
Ans. (A) 
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HALOGEN FAMILY 


Element Atomic no. Outer shell configuration 


He 2s?2p? 
Ne 3s?3p° 


Ar 3d!4s24p° 
Kr 44!95525р> 
Xe 4f'*5d'""6s?6p* 


HALO : Sea Salts : Generally they are called halogen because they are sea salts forming elements. 
Important point : At (astatine) is a radioactive element. 

General Properties : 

State and Nature : 

(a) F and Cl are Gas. (b) Br : Liquid 

(c) I, At is solid (d) All are non metallic 

(e) Metallic character down the group (F ——» I) non metallic character decreases 

(f) I has metallic lustre on heating and its show's sublimation property 


Atomic Radii, Ionic Radii, Boiling point and Melting point, Density : All these character 
increases down the group 


Ionisation potential and Electronegativity : Down the group atomic size increases so IP and 
EN decreases down the group 


Electron Affinity (E.A.) : Cl > F > Br> I. Generally down the group electron affinity decreases 
but the electron affinity of Cl is more than F because due to the small size and high electron density 
of F the incoming electron is not easily enters as comparison Cl because it's size not as small as 
size of F and not large as Br and I. 


Colour properties : 

F : Pale yellow. СІ : Greenish yellow Br : Red 1: Voilet purple. 

Outermost electronic configuration is to ns? np? due to the presence of unpaired electron they absorb 
visible light and reflect complementary light and exhibit colour. 

F absorbs violet colour light and appears yellow. It will absorbs yellow coloured light and appears 
violet. 

Astatine being stable could have absorbed orange or red light and would have exhibited indigo or 
bluish colour. 


Valency and Oxidation state : 

ns?np? 

valency = | 

if Halogens combines with more E.N, elements then O.S. = + 1. 
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For Cl. Ground State : 
Valency = 1 


ш т] OO 
35° Зр" за 
1“ excited state 


ш Г 
35° 3s' 


3p* 


Bond Energy : 

F — F bond dissociation energy is less than that of Cl — Cl and Br ~ Br. It is due to larger inter 
electronic (electron - electron) repulsion between the non bonding electrons in the 2p orbitals of 
fluorine atom. then these in the 3p orbitals of chlorine atoms. 

F-F CI - CI Вг ~ Br 1-1 

38 kcal/mol 57kcal‘mol 45.5 kcal/mol 35.6 kcal‘mol 

СІ, > Вг, > Е, > 1, 


Oxidising Power : 

The electron affinity, or tendency to gain electrons reaches a maximum at chlorine. Oxidation may 
be regarded as the removal of electron so that an oxidising agent gains electrons. 

Thus the halogens act as oxidizing agents. 

The strength of an oxidising agent (i.e. oxidation potential) depends upon several energy terms and 
represented by following diagram. 


/ : 2e 33 - i 
X, Sio jyt 2x —(aHioin. , nydrated ion 
2 (AH) 
€ 


AH (reduction potential) = AH (dissociation energy) + AH (electron gain enthalpy) + AH 
(hydration energy) 


| Element — | AH (reduction potential) 


Thus oxidising powers decrease on descending in group VII. Fluorine is so strong oxidising agent 
that Н oxidizes water to oxygen. The oxidation of H,O by Cl, is thermodynamically possible but 
since the energy of activation is high this reaction does not occur. 


F,*Hj0 ——»o 2H'*2F * 30, 


cl,+H,O ——3À НСІ + НОСІ 
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lodine is even weaker oxidising agent and the free energy change indicate that energy would have 
to be supplied to make it oxidise water. 


CHEMICAL PROPERTIES 


(a) 


(c) 
(d) 


Reaction with H, : All hologens reacts with H to form hydrogen halides. 
F, + Н, “> HF, 

Cl, +H, “> 2HCI 

Br, + Н, —— 2HBr 


1, +H, —-— 2HI 

Reactivity of Halogens Е > Cl > Br» I 

HCl in gaseous state is hydrogen chloride. While HCl in aqueous solution is hydrochloric acid. 
НСІ, HBr, HI acts as reducing agent. 

H,F, cannot decompose into Н, and Е, and so its can never acts as reducing agent. 

H,F, has highest boiling point and exist in liquid state. 

НСІ , HBr and HI exist on gaseous state. 

НСІ b.p. is very low and after НСІ b.p. increases because Vanderwaals forces increases (1) and 
so b.p. (7). 


Reaction With H,O : 

H,O acts as reducing Agent only with Е. 

2F, + 2H,0 ——— 2H,F, + О, 

Cl, + H,O ә НСІ + HCIO Hypochlorous acid _ оч , НСІ + [0] 

So Cl, in presence of moisture acts as bleaching agent. 

H,O + I, —— No Reaction. 

All these halogen are soluble in water except I, when KI solution is added I, will also dissolve 
because adsorption of 1, molecule on the surface of iodide ion KI, is formed which is a highly ionic 
compound. 


Displacement Reaction : 

F,+2NaX ——> 2NaF + X, {X=Cl, Br, 1} 

Cl, +2NaX ——> 2NaCl + X, (X = Br, L} 

So order of displacement [F, > Cl, > Br, > L] 

If Halogen is in -ve O.S. then it is replaced by more E.N. element. 
If Halogen is +ve O.S. then it is replaced by less E.N. element. 


Reaction with Metals : Metal halides are formed Е > СІ > Вг > I 


Reaction with Non Metals : Non metallic halides are formed. Eg. NF, PCI, etc. 
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Reaction with NH, : 

ЗЕ, + NH, ——— NF, + 3HF 

3Cl, + NH, ——> NCI, + 3HCI 

1, is less reactive and so remains same and Ammoniated compound will form. 
31, + 2NH, ———> NI, . NH, + 3HI 


Reaction with NaOH : 

F, + NaOH (dil.) ——— 2NaF + OF, + H,O 

2F, + 4NaOH (conc.) ———> 4NaF + 2H,O + O.. 
They are both redox reactions. 

Cl, + NaOH ———> NaCl + NaClO, + H,O 

Br, + NaOH ———> NaBr + NaBrO, + H,O 
Formation of Oxides : 

No oxides of F because of its maximum E.N. character. 


Rest forms 

х,о X,0, X40, X40, 
+ 1 + 3 + 5 +7 
CLO CI,O, СО, CLO, 


All these oxides are acidic 
Acidity decreases down the group and maximum active oxide is Cl,O, 


Formation of Oxyacids : 

F does not form any oxyacid because High E.N. 

Rest oxyacids are 

Hypo halous acid (HXO) Halous acid (HXO,) Halic acid(HXO,) Perhalicacid(HXO,) 
X= +l *3 *3 +17 

All these oxy acids are acidic 

Acidity and thermal stability decreases down the group and maximum acidity and thermal stability will 

be of HCIO,. 

Thermal stability of acids increases with the increasing O.S. ofthe halogens or with increase in the 

no. of oxygen atom. 
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(i) 

(ii) 
(ui) 
(iv) 


Oxidising Power : 


(i) All these oxyacids acts as strong oxidizing agents. 
(ii) Stability of anions increases from CIO to CIO, , the oxidising power decreases from CIO 
to CIO, 


(iii) ^ Order of oxidising agent HCIO > HCIO, > HCIO, > HCIO, 


Miscellaneous Reaction : 
(a) 1, + Na,S,O, (Hypo) ———> 2Nal (Colourless) + Na,S,O, 
This reaction is employed for identification of L,. 
(b) Dry Cl, + Ca(OH),(s) ———> CaOCI, (Bleaching Powder) + H,O 


Inter Halogens : 
Product obtained by uniting two halogen compounds : 

AB AB, AB, AB, 
Where A = less E.N. Halogen 

B = More E.N. Halogen 


Eg. CIF CIF, BrF, IF, 
BrCl BrCl, ІСІ, 
ІВг ІВг, 


These inter halogens have polarity because of different Е.М. 


Note: Abnormal Behaviour of Fluorine as Compared to Other Members : 


Fluorine differs considerably from other halogens due to - 

Small size 

High electronegativity. 

Non availability of d - orbitals in its valency shell. 

Low bond dissociation energy of F — F bond. 

(a) Boiling point of HF is the highest and for other increases down the group. 


Comparison of [Cl,, Вг, and I,] 


Colour of Vapour Greenish Yellow Dark Red 
í Decomposes into | Decomposes Slowly 
— HCI & O, in Presence of Light 
2 Moist Cl, is а Good | Moist Br, is a good - 
2 2 
Bleaching Action Bleaching Agent Bleaching Agent No Bleaching 
Action of Halides Displaces Br, & 1, Displaces І, No Action 
TENE : Explosive in Light : z 
; Combination with H, Only on Heating Heating + Catalyst 


2 
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(b) Due to hydrogen bonding HF is a liquid while HCl, HBr and HI are gases. 
(c) Fluorine, being the most electronegative gives SF, while other member do not form hexahalides 
with sulphur. 
(d) It exhibits oxidation state of only —1. 
(e) It is the strongest oxidising agent. 
(f) It liberates oxygen as well as ozone with water. 
(g) HF does not ionize while HCl, HBr and HF ionize in aqueous solution. 
(h) Solubility of salts : 
(1) AgF is soluble in water while AgCl, AgBr and Agl are insoluble. 
(j) It combines with hydrogen with explosion at a low temperature and even in the dark. No 
other halogens combines so readily. 
H, + Е, ———> 2НЕ 
(k) It liberates oxygen as well as ozone with water. 
2H,O + 2F, —› 4HF + О, 
3H40 + ЗЕ, ———> 6HF + О, 


FAMILY MEMBERS OF HALOGEN 


Fluorine (F,) : 

Modern method of Isolation : 

In this method F, is prepared by the electrolysis of fused fluoride, (KHF.) potassium hydrogen fluoride. 
The electrolytic cells are made of Cu, Ni or monel metal. 

Reaction in the electrolytic cell : 


КНЕ, — KF+HF 


Cathode Anade 
K+ + e K Е-Е + Ee 
K + HF —_- KF +H 2F —+F, 


2H —— H, 
Uses : It is used in the preparation of fluorine compound such as. 
Freon : Fereon - 12 i.e. СЕ,СІ, as used in refrigeration and air conditioning in place of NH, and 
SO,. 
Teflon : (— F,C — СЕ,), It is a new plastic. 


Chlorine (СІ,) : 
Preparation : 
(a) By the electrolysis of brine (Aq. solution of NaCl) in nelson cell. This is the cheapest method 
NaCl ==> Nat + СГ 
H,O ——> H' + OH 
At Cathode: Н +e — H 
H+H —> H, 
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(ii) 


Atanode: СЇ ——— Cl*e 
CI + CI —-——› Cl, 7. 
(b) Decon's Process : 
4HCI + О, “> 2H,0 + 2CI, f. 
a: 2 4 


Chlorine gas thus obtained contains №, and О, and is used for the manufacture of bleaching powder 
by hansenclever's process 
(c Lab Method : MnO, + 4НСІ ——— MnCl, + Cl, + 2H,O 
(ii) Properties : 
Bleaching : 
Cl, + H,O ——> 2НСІ + [О] 
Coloured matter + [О] ——» Colourless matter. 


(iii) ^ Uses : 

(a) As a Germicide and disinfectant. 

(b) Domestic antiseptic solution (NaOCl) 

(c) In Mfg of bleaching powder, D.D.T etc. 

(d) In warfare gases such as phosgene CaOCl,, tear gas (CCI,.NO,) and mustard gas 
(CIC;H, - S — C,H,Cl) 


Bromine (Br,) : 
Preparation : 
Bittern : Mother liquar contains about 0.25% of bromine or MgBr, and is known as bittern. 
Bittern is treated with Chlorine gas. 
MgBr, + Cl, ———» MgCl, + Вг,. 
Uses : 
it is used in preparation of ethyl bromide which is used in the mfg of tetraethyl lead (TEL) as an 
important anti - knock compound in the petroleum industry. 
C,H, + Br, — —» С,Н,Вг + HBr 
4С,Н,Вг + 4Na — Pb ——-> (C,H,), Pb + 4NaBr + 2Pb 


Iodine (I) : 
I, is the rarest of all the halogens. Its main source is kelp (varee). 
Properties : 
(a) It is only sparingly soluble in water but readily soluble in Na or K iodide due to formation 
of triiodide. 
KI + 1, ——» KI, 
However, this solution behaves as a simple mixture of KI and free I,. 


> Š ge s ; 1 1 
Note : Tincturce of iodine contains 2 ounce I,, 5 


4 ounce KI and I pinch of rectified spirit. 
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(b) lodoform Reaction : 
2C,H,OH + 6KOH + 4I, ———» HCOOK + СНІ, + 5KI + H,O 
lodoform or Haloform reaction show by following - 
А = СН, A -R 
[e] 
When R = Н, CH,, C;H,, ....... 
R = Benzyl and its derivatives 
R = Every 2-Alcohol (not secondary) 
R=C,H,OH (only Ethyl Alcohol in Primary) 
R 7 No. tertiary Alcohol. 


COMPOUNDS OF DIFFERENT MEMBERS 


(ii) 


Potassium Chlorate (KCIO,) 
On heating with conc. НСІ, KCIO, gives a mixture of chlorine and chlorine dioxide known as 
exchlorine, 

2KCIO, + 4HCI ———» 2KCI + 2CIO, + Cl, + 2H,O 


Uses : In mfg. of matches, fire works and photographic flash powders. 


PSEUDOHALIDES AND PSEUDOHALOGENS 


A few ions are known, consisting of two or more electronegative atoms of which at least one is 
nitrogen, that have properties similar to those of halide ions. These ions are called pseudohalide 
ions, Pseudohalide ions are univalent and these form salts resembling halide salts. 


The pseudohalide ions are : 

Cyanide ions (CN) : Isocyanide ion (МС) 

Cyanate ion (ОСМ) f Fulminate ion (ONC) 

Thiocyanate ions (SCN ) : Isothiocyanate ion (NCS) 
Selenocyanate ion (ScCN ) в Tellurocyanate юп (TeCN ) 

Azide ion (N,) : Azido carbon disulphide ion (SCSN,) 


As the dimers of halide ions are called halogens, the covalent dimers of the pseudohalide ions are 
called halogens or halogenoids. The pseudohalogens known аге: 


Cyanogen (CN), А Oxycyanogen (OCN), 
Thiocyanogen (SCN), : Selenocyanogen (SeCN), 
Tellurocyanogen(TeCN), — : Azido carbon disulphide (SCSN,), 
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The best known pseudohalide is CN- .This resembles СІ, Вг and I in the following respects: 
(1) It forms an acid, HCN. 
(1) It can be oxidised to (CN), molecule. 
(iii) It forms insoluble salts with Ag’, Pb** and Hg". 
(iv) —Itforms large number of complexes similar to halide complexes, e.g. 
[Cu (CN), and [CuCl]. [Co(CN),]* and [CoCI,]- 
(v) Inter-pseudohalogen compounds CICN, BrCN and ICN can be formed. 
(vi) — AgCNis insoluble in water but soluble in ammonia like AgCI. 


Oxy acids of Halogens 


Oxidation state| Chlorine Bromine Name of acid|Name 
of halogens salt 


Hypohalous — |Hypohalitec Stability and 
acidity 


Halous Halite increases but 

Halic Halate oxidising 
power 

Perhalic Perhalate decreases 


OXY ACIDS OF HALOGENS 


(3) 
(4) 


(1) _ Fluorine does not form any oxy-acids because it is more electronegative than oxygen. 
(2) Other halogens form four series of oxy acids with formulae 

HXO -»Hypohalous 

HXO, — Halous 

HXO, — Halic 

HXO, — Perhalic acids or Halic (1), Halic (III), Halic (V) and Halic (VII) 


Some important general trends in Oxy-acids of Halogens 
In oxy-acids, hydrogen is present as -OH group 


All the hypohalous acids (HXO) are unstable and readily form HXO,. Among these the relative 
order of stabilityis HCIO > HBrO > HIO 


In halic acids (HXO,), iodic acid is the most stable. 
Thermal stability - 
Thermal stability ос oxidation state of halogens & No. of oxygen atoms. 


(a) The thermal stability of both the acids and their salts increases with the increasing oxidation 
state of the halogen or with the increase in the number of oxygen atoms i.e. stability of the 
oxy halide anion increases from CIO , CIO, , CIO; , CIO, - 
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(b) This is due to the fact with the increasing number of oxygen atoms in the series, the no. 
of electron involved in forming o and x bonds increases. 


(с) Thus in the most stable perchlorate ion, С l0, , all the valence orbitals and electron of 
chlorine atom are involved in the formation of bonds. 


(d) The stability of perchlorate ion, CIO, may also be said due to greater multiplicity of the 
С1-О bond. 


БЯ Nr 


Hypo chlorite Chlorite 
Shape - dumb - bell Shape - bent chain 


(3 o 
vi 
PEN AIN 
rd | ^o 4 | So: 
о о 
Chlorate Per- chlorate 
Shape - Pyramidal Shape - Tetrahedral. 
(5 Oxidising power - 
СЮ 
i Stability increases and oxidising power decreases 
CIO, 


Hypochlorites are the strongest oxidising agents. 
(6) Relative acidity x oxidation no. 
HCIO, > HCIO, > HCIO, > HCIO 


Note: (i) In all these acids and salts halogen is in sp* hybridised state. 
(ii) Stronger the acid, the weaker will be its conjugate base and vice-versa. 
CIO, «CIO, «CIO, «CIO (relative basic character) 
Thus CIO, is the weakest base and HCIO, (conjugate acid of CIO, ) is the strongest acid. 
CIO, > CIO, > CIO, > CIO" 
4——— ÓÀ—B——Á—Á———— A——— 


Relative stability of CI-O bonds 
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Illustration 


Q.1 Which ofthe following is the strongest oxidant ~ 
(A) F, (B) Cl, (C) Br, (D) I, 

Ans. (A) 

Sol F, is strongest oxidant, because(i) F, has exceptionally low dissociation energy of 
F-F bond, (ii) F^ has high energy of hydration due to small size of the F` ion. 


Exercise 


Q.1 Solid CO, exists as - 
(A^) CIO,'CIO, (B)Covalentspecies (С) (CIO), (D) None 
Ans. (A) 


Q.2 Fluorine does not show positive oxidation states because - 

(A) It is most electronegative element 

(B) It forms only anions in ionic compounds 

(C) It cannot form multiple bonds 

(D) It shows non-bonded electron pair repulsion due to small size 
Ans. (A) 


INERT GAS FAMILY 


| Element | _ Atomicno. | Outer shell configuration 


2 Is? 

10 He 2522р“ 

18 Ne 3s?3p* 

36 Ar 3d!?4s? 4p* 

54 Kr 4d!°5s25p° 

86 Xe 4f'45d!'6s*6p® 


RARE GASES OR NOBLE GASES 


These are found in atmosphere to very less extent so named rare gases and form very few compounds 
so termed noble gases. 


Important point 
All have octet configuration except He having duplet confriguation. 
(i) They exist on gaseous state. 
(ii) Rn is produced by the disintregration of radium and is radioactive itself 


2% 222 441..+4 
ss Ra —9 s Rn * He 
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(ш) ^ Ramsay was the discoverer of these gases. 
(iv) _ First inert gas which was discovered by ram say firstly i.e. argon. 
(у) A Allexcept Rn occur in atmosphere almost 1% by volume in which argon is the major constituent. 


ISOLATION 


(i) 


(ii) 


Except He, non-radioactive noble gases are commercially isolated from air by two method. 
Fractional Distillation of Liquid air (Claude's Method) : 
Due to difference in b.p. the various constituents of air are seprated from each other. 


Dewar's Coconut Chercoal Adsorption Method : 

(a O;andN,areremoved by means of compound formation. 

(b) The principle of this method is that the adsorption capacity of these gases at low temperature by 
coconut charcoal increases with increases in their atomic weights. 

(c) Thus Hehas the lowest and Xe has the maximum adsorption capacity. 


GENERAL PROPERTIES 


(i) 


(ii) 


(iii) 


(iv) 


(v) 


(vi) 


(vii) 


Atomic Radii, Melting point and Boiling Point, Density : 

(a) All increases down the group. 

(b) He is the only element having two boiling point i.e. “4.2 K and 2.5 K. 
(c) It is [He] only element which exist in two liquid phases i.e. He and He,. 
(d) They are colorless, odourless and tasteless. 


Ionisation Energy : 
(a) They possess very high ionisation energy. 
(b) lonisation energy of Xe is nearly equal to that of molecular oxygen. 


Electron Affinity : 
Due to complete octet, noble gas atoms are unable to take extra electron. 


Monatomicity : 
Due to very high I.E. and nearly zero E.A. noble gas atoms are not capable of combine and their value 


ofy= Es is close to 1.66. 


Force of attraction between atoms of Noble Gases : 
Vander Walls force between the atoms increases from He to Xe. 


Solubility in Water : 
Slightly soluble in water and solubility in water increases with increase in atomic number. 


Chemical Nature : 
(a) Noble gases are almost chemically inert. 
(b) But Kr, Xe and Rn are slightly reactive because of relativly low IP of gases. 
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(viii) Adsorption of Inert Gases : 


(a) 
(b) 


(ix) (а) 


(4) 


(е) 
(f) 


Done on coconut. Gas particles are adsorbed in surface of coconut charcoal 
Larger the size, more will be the adsorption so maximum adsorption of Xe at highest temp. 


First gas discovered was Argon. (Ar gas Lazy) 

Other inert gas isolated was Neon. 

Other inert gas remaining hidden gas krypton (Kryptos = Hidden) 

Then Xenon (Xenon = stranger) 

Rn emits a, В, ү radiations. 

He has unusual property of diffusion through lab matarial like Rubber, Glass, Plastic. 


FAMILY MEMBERS OF NOBLE GASES 


* Xenon (Хе): 
Itis the only clement that forms true compounds. 


(i) 


(iii) 


(iv) 


Xe 12 XeF, 

+ Is 
7. 

FON xer, 


XeF, 
XeF, [11] Ит] [1|] ] | | 


5s 5р 54 
sp^d 
Linear Geometry 


xeF,:m] Чт 


55 Sp 54 
5р 3d? 
Square Planar 


Хеғ, 171) [t]t[t|[t] t/t] | | 
sp'd? 
Distorted octahedral 


Xe - COMPOUNDS 


Xenon Fluorides:— 


(1) Xe * F, 


40°C. laim 4. 
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(2) H, reduces Хе — fluorides to Xe 
XeF, + Н, —э Xe + 2HF and so on 


(3) Xe - fluorides oxidise СГ to Cl, and F to I, 
XeF, + 2HCI——> 2HF + Xe+ Cl, 
XeF, + 4K] ——> 4KF + Xe + 21, 


(4) Hydrolysis 
XeF, reacts slowly with water 
2XeF, + 2H,0 —> 2Хе + 4HF + O, 
XeF, and XeF, react violently with water giving XeO, 
3 
3XeF, + 6H,0 —э 2Xe + XeO, + I2HF + > 
XeF, + 3H, O —> XeO, + 6HF 


(explosive, white hygroscopic solid) 


о, 


(5) SiO, also converts XcF, into XcOF, 
2XcF, + SiO, —> SiF,T + 2XeOF, 
violet 
Similarly, ХеО, + XeOF, —9 2ХеО,Е, | XeO, + 2XeF, —— 3XeOF, 
(6) Xe-fluorides are also hydrolysed in alkaline medium 
2XeF, + 40H” —э 2Хе + 4F- + 2H,O + О, 
XeF, + 70H —э HXeO, + 3H,O + 6F 
Aenate pon 
2HXcO, + 20Н-—э ХеО 4 + Xe + 2H,0 +0, 
perxenate ion 
(7) They are used as fluorinating agent 
2SF, + XeF, ——> 2SF, + Xe 
Pt + XeF, — РЕР, + Xe 


(8) Act as a fluoride donor 
XeF, + МЕ, —э [XeF]' [ME] (М =А5, Sb, P) 
XeF, + BF, —> [XcF,;]' [BF, ] 
XeF, + HF ——› [XeF,]° [HF,] 
(9) Act as Fluoride acceptor also: 
XeF, + RbF/CsF —-> Rb*/Cs* [XeF,]- 
2Cs*[XeF,]} 3 XeF, + Cs,[XeF,] 
' с = 


XeF, + MF —> M'* + Хек 
(alkali metals fluoride) 


Neon and Argon : 


Gets trapped in the intersitital spaces of H,O or alcohols and this type of mixture resulted is called as 
clatharate compound, 


These compounds are not formed by He., 
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USES 

(i) Noble gases are widely used to provide inert atmosphers in metallurgical process. 

(ii) He is used asa cooling medium in gas cooled atomic reaction because of its high thermal conductivity, 
low viscocity and low density. 

(ii) Liquid Heisused in gasthermometer required for low temperature measurement. 

(iv) Меопіппеопіатрѕ. 

(v) Neonin neon tubes for rectifiers, voltage regul ators etc. 

(vi) ^ Argonisinfillingin candesent lamps. 

(vii) Хеіѕиѕедіп dischargetubefor quick photography. 

(vii) | Rnisusedin treatment of cancer (Radiotherapy) 


Illustration 


Q.1 Noble gases can be separated by — 
(A) Passing them through some solution 
(B) Electrolysis of their compounds 
(C) Adsorption and desorption on coconut charcol 


(D) None 

Ans. (C) 

Sol. Coconut charcoal possess characteristic property for adsorbing different noble gases at different 
temperatures. 


Q.2  Whichofthe following noble gases does not form clathrates? 

(A) He (B) Br, (C)Ar (D) Xe 
Ans. (A) 
Sol Due tosmall size of He it does not form clathrates. 


Exercise 


Q.1 The first compound of noble gases prepared by N-Bartlett was - 
(A) Xe [Pt F] (B) XeF, (C) XeF, (D) XeOF, 
Ans. (A) 


Q.3 


Ans. 
Sol. 


0.4 


Ans. 


Sol. 


0.5 


Ans, 
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SOLVED EXAMPLES 


Pick out the incorrect statement. 

(A) central oxygen in О, is sp? hybridised (B) the two O—O bonds in O, are equal 

(C) with BaO., О, reacts to produce H,O, (D) O, causes tailing of mercury 

(С) 

Only (с) is wrong because BaO, + O, — BaO + 20,. The rest of the alternatives are correct. 


Carbon monoxide is formed by the action of concentrated H,SO, on 


(A) formic acid (B)oxalic acid 
(C) potassium ferrocyanide (D)all ofthese 
(D) 


The reaction of concentrated H,SO, on all the compounds is as follows 
conc. 


HCOOH —Hs0o4 ” H,O +CO 


H,C,0, T E ;— CO, + CO + H,O 


In these reactions, concentrated H,SO, acts as a dehydrating agent. 
K, Fe (CN), + 6 H,SO, + 6 H,O — 2K,SO, + FeSO, + 3 (NH,), SO, + 6 CO 


Bromine is formed when concentrated HBr is heated with 
(A) KMnO, (B) K,Cr, о, (С) MnO, (0) АП ofthese 
(0) 


Concentrated HBr reacts with these compounds as follows: 
2KMnO, + 16 HBr _4_, 2 KBr +2 Mn Br, +8 Н,0 +5 Br, 


K, Cr, O, + 14 HBr 2 2 KBr + 2 CrBr, + 7 H,O + 3 Br, 
MnO, +4 НВг _4_, Mn Br, + Br, + 2H,O 


Pick out out incorrect statement - 

(А) Orthophosphorus acid can be obtained by reacting P,O; with H,O 

(B) Orthophosphoric acid can be obtained by reacting P,O,, with H,O 

(C) Pyrophosphoric acid can be obtained by heating orthophosphourus acid 

(D) Metaphosphoric acid is obtained by the dehydration of orthophosphoric acid at 316*C. 


OH OH T T^ 
ое огохон 
OH OH OH 


Hypophosphorus acid H,PO, is — 
(A) Tribasic acid (B) Dibasic acid (C) Monobasic acid (D) Not acidic at all 
(C) 
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Sol. 


Q.6 


Ans. 


Sol. 


Q.7 


Sol. 


Ans. 


Sol. 


= 


Structure of Hypophosphorus acid. As it contains only one replaceable H atom. it is mono basic. 


T 
P 
HINH 
о 
Maximum covalency of sulphur is — 
(A) 2 (B) 4 (C) 6 (D)-2 


(C) 


Sulphur atom in ground state 


3s 3p 3d 
E1413. LJ 


sulphur atom in excited state 


3s 3p 3d 
hs d MEN 


Due to presence of six unpaired electrons, it can form maximum of six bonds, so covalency is six. 


The formula of sulphur molecule is — 

(A) S, (B) S, (C) S, (D) S, 

(D) 

Sulphuratom in S, molecule is in sp? hybridization state and involves both bonding and non bonding 
pairs of electrons. 


Which of the following is a false statement- 


(A) Halogens are strong oxidizing agent (B) Halogens show only (-1) oxidation state 
(C) HF molecules form intermolecular H-bonds (D) Fluorine is highly reactive 
(B) 


Fluorine, being most electronegative element, always show the oxidation state of ^1. Other halogens 
can show higher positive oxidation state in addition to negative oxidation of -1. 


Consider the following perhalate ion in acidic medium 
ClO, (D, BrO, (II), lO, (Ш) 
Arrange these in the decreasing order of oxidizing power. 
(A) 1> П> Ш (B) I> Ш> (C) IL >> D) и> HI» I 
(D) 
Standard reduction potential (in volts) of the perhalate ions are gives as below — 
CIO, + 2H* + 2c — CIO, + H,O; E? = 1.19V 
BrO, *2H' + 2e° — ВЮ; + HO; E? = 1.74V 
IO, + 2H' + 2e — 10, + HO; E? = +1.65V 
more the standard reduction potential, the more is tendency of perhalite ion to undergo reduction and 
more stronger it will be an oxidizing agent. 
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Which of the following reactions will give bleaching powder – 

(А) CaCl, + H,O (В) CaO + НСІ (С) Ca(OH), + Cl, (0) ClO, + Ca(OH), 
(С) 

Ca(OH), + Cl, — CaOCl, + H,O 

Slaked lime 


The boiling point and melting point of inert gases are — 
(A) Low (B) High (C) Very high (D) Very low 
(D) 


Due to very weak, Vander Waals forces. 


The ease of liquefaction of noble gases increases in the order — 


(A) He < Ne < Ar < Kr < Xe (В) Xe < Kr < Ne < Ar < He 
(C) Kr < Xe < He < Ne < Ar (D) Ar < Kr < Xe Ne < He 
(A) 


As size increases, Vander Waals forces also increases. 


The statement, which prompted Neil Bartlett to prepare the first noble gas compound was - 
(A) Xe-F bond has high bond energy 

(B) F5 has exceptionally low bond energy 

(C) PtF, is a strong oxidant 

(D) O, molecule and Xe atom have very similar ionization energies. 

(D) 

Both Xe and O, have comparable ionisation energies. 

Xe — Хе? + е” ionisation energy = 1,170 kJ/mol 

О, — О, + & ionisation energy = 1,175 kJ/mol 


Which of the following halides is most acidic ? 

(A) PCL (B) SbCl, (C) BiCl, (D) CCI, 

(A) 

In CCl}, carbon atom does not have d-orbitals to accommodate a lone pair of electrons and hence 


is not a lewis acid. In PCI,, SbC1,,BiCl, centre atom has empty d-orbitals but electronegativity of 
P is maximum, hence PCI, is strongest acid. 


Which of the following are isoelectronic and isostructural ? 

(A) NOz, CO,>, (В) SO,, NO, (C) CIO;, CO; (D) CO, SO, 

(A) 

NO, and co, ~ both have same number of electrons (32 electrons) and central atom in each being 
sp? hybridized. 
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Q.17 


Ans. 


Sol. 


Q.18 


Ans. 


Sol. 


Q.19 


Ans. 
Sol. 


о о 
S. 
$04 = &) electrons 
o ^о "o "o CIO, = 42 eiecrons 
Structure at Srudure of 
co? NO; 


What is the hybrid state and oxiation state of sulphur in Caro's acid ? 
(A) sp?, +10 (B) sp), +10 (C) sp*, +6 (D) sp*, +6 
(D) 
The structure of Caro's acid is 
[| 
Ho- O-O. The hybrid state is sp? and its O.N. is +6.] 
о 
Identify the correct sequence of increasing number of x-bonds in structures of the following molecules- 
(i) Н,5,0, (ii) H,SO, (iii) H,S,0, 
(A) 1, II, HI (B) IL, III, I (C) I, 1, HI (D) I, III, H 
(B) 
it 
Н,5,0,, „шпн — 41-bonds; 
оо 
|| 
H4SO,. HO-S-OH опе z-bond: 
il 
H,SO,, H-O-S-S-OH – 3z-bonds; 
1,0, is an - 
(A) covalent bond (B) coordinate compound 
(C) ionic compound (D) double salt 
(C) 
1,0, is actually I(IO,), which gets ionised. 


I(I0,), == P* + 3(10,) 


Cod and diute NaOH 


(A) + NaCl + H,O 
(В) + NaCl + H,O 
Compounds (A) and (B) are - 
(A) NaCIO,, NaCIO (В) МаОСІ,, NaOCI (С) NaCIO,, NaClO, (D) NaOCl, NaClO, 
(D) 
Cl, + 2NaOH — NaCl + NaClO + H,O 

Cold and dil. (A) 
ЗСІ, + 6NaOH —> 5 NaCl + NaClO, + ЗН,О 

Hot and conc. (В) 


Ci 


2 [ust and cone NaOH 


Q.20 


Ans. 
Sol. 
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When chlorine water is added to an aqueous solution of sodium iodide in the presence of chloroform, 
a violet colouration is obtained. On adding more of chlorine water and vigorous shaking, the violet 


(A) L, HIO, (B) L. HI (C) HI, HIO, (D) I,, HIO 
(A) 
Cl, + 2Nal — 2NaCl + 1, 
(Violet colouration in chloroform) 
5СІ, + 6H,O + І, — 2HIO, + 10НС1 
colourless 


A greenish yellow gas reacts with an alkali hydroxide to form a halate which can be used in fireworks 
and safety matches. The gas and the halate are — 

(A) Вг,, KBrO, (B) CL, KCIO, (C) L, NalO, (D) I,, KIO, 

(B) 

The halate used in fireworks and safety matches is KCIO,. Thus, the gas is Cl,. 

3Cl, + 6KOH —» КСІО, + 5КСІ + 3H,O 

greenish 

yellow gas 
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QUALITATIVE ANALYSIS 


Analysis of substance is carried out in order to establish its qualitative and quantitative chemical 
composition. Qualitative analysis deals with identifying the components of a substance. Inorganic salts 
are formed due to neutralization of acids and bases. So a salt comprises of two parts a cation or basic 
radical contributed by the base and an anion oracidic radical contributed by an acid. 

A charged atom or groups of atoms which participates in chemical reactions. 


Cu(OH), + H;SO, — CuSO, + HO 


Base Acid salt 
Cutt 50,2- 
(1) Basic radical (2) Acidic radical 
е Positive radical - Basic radical 
? Negative radical - Acid radical 


Basic radical or cation : It is the radical having positive charge. The magnitude of charge depends 
upon the base in which it is in combination with OH ions or formally of the basic oxide. Pb, Си, AI", 
Fe", Zn", №”, Ca", Ba", Mg", NH, 


Acid radical or Anion : It is the radical having negative charge. The magnitude of charge depends upon 
the acid in which it is in combination with hydrogen. CO,*, S7, 5012, NO,, NO,, Cl, Br, Г 


Qualitative analysis : Involves the detection and identification of these radicals in salts whether 
single slats or double salts, or detection of radicals in mixture of salts or even radicals present in 
common fertilizers. Qualitative analysis is a valuable tool in industries. However in laboratories semi 
Micro analysis is performed. 


There are separate 'procedures for detecting cations and anions, therefore qualitative analysis is studied 
under cation analysis and anion analysis. 


Qualitative analysis deals with the identification of various constituents present in a chemical mixture. The 
systematic procedure involves: 

Preliminary tests 

a. Physical appearance b. Dry heating test 

c. Charcoal cavity test d. Flame test e. Borax bead test 


Indicatory tests 
a. Dilute acid tests b. Concentrated acid test 


Confirmatory tests 
a. Physical examination b.Gas evolved on heating or by adding any reagent 
c. Analysis of acid radicals d. Analysis of basic radicals 


= 


Preliminary tests 
Physical appearance : The physical examination of the unknown mixture involves the study of solubility 
colour, smell and density. 


Following salts are soluble in water: 


All the halides (X-=Cl, Br, I) are soluble All the CO,, C07, S. SO, 
in water are insoluble in water. 


Except Ag, Cu, Hg, Pb, Except alkyl metal 


All nitrates Note : FeC,O, is soluble in water 
All nitrites except AgNO, 

All sulphate are soluble in water 

Except Ag, Sr, Ba, Pb, Hg, Ca, Sn 

All the acitates (CH,COO )are soluble 

in water. ExceptAg, Hg 


MEL Гаваа [ше _ 
(а) Smell 


Take a pinch of the salt Ammonical smell NH, 
between your fingers and Vinegar like smell 
rub with a drop of water Smell like that of rotten eggs 


Density (i) Heavy Salt of Pb** or Ba^* 
(ii) Light fluffy powder Carbonate salts 
Deliquescence Salt absorbs moisture and (i) If coloured may be 
becomes paste like Cu(NO,),, FeCl, 
(ii) If colourless, may 
be Zn(NO,),, 


chlorides of Zn”, 
Mg" etc. 


Cu?’ or Ni^' 


Blue or Bluish green 
Greenish 

Light Green 

Dark brown 

Pink, Violet 

Light pink, flesh colour 


White 


Shows the absence of 
Cu**, NP*, Fe?*, 


Past nét 
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(b) Dry heating test: 
On heating a small amount of mixture in a dry test tube, quite valuable information can be generated by 
carefully performing and noting the observations here. On heating some salts undergo decomposition 
thus evolving the gases or may undergo characteristic changes in the colour of residue. 


(1) Gas evolved 


(a) 


(b) 
(0) 
(п) 


(ш) 


(iv) 
(v) 
(c) 
(i) 

(ii) 
(ш) 
(iv) 


Colourless and odourless gas 
CO, gas - turns lime water milky 
Colourless gas with odour 


Н,5 gas-Smells like rotten eggs, tums lead acetate paper black. 
SO, gas-Characteristic suffocating smell, tums acidified potassium 


dichromate solution or paper green. 

НСІ gas- Pungent smell, white fumes with ammonia, white 
precipitate with silver nitrate solution. 

Acetic acid vapours-Characteristic vinegar like smell. 


NH, gas- Characteristic smell, turns Nessler's solution brown. 


Coloured gases-Pungent smell 

NO, gas-Reddish brown, turns ferrous sulphate solution black. 
Cl, gas - Greenish yellow, turns starch iodide paper blue. 

Br, vapours- Reddish brown, turns starch paper orange red. 
1, vapour- Dark violet, turns starch paper blue. 


(2) Sublimate formed 


(a) 
(b) 
(c) 
(d) 
(e) 


White sublimate 

Black sublimate accompanied by violet vapours 
Steel grey, garlic odour 

Grey sublimate 

Yellow sublimate 


(3) Fusion test 
The mixture swells up into voluminous mass. 


(4) Swelling 
The mixture swells up into voluminous mass. 


(5) Residue 


() 
(i) 
(ш) 
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Yellow when hot, white when cold. 

Brown when hot and yellow when cold 

Original salt blue becomes white on heating 
Coloured salt becomes brown or black on heating 


со 


Hydrated S?- 
S0,- 


cr 


CH,COO™ 
NH,” 


NO, or NO,” 


cl 
Br 


S,As,S, 


Alkali metals salts 
or salts containing 


Hydrated CuSO, 
indicated Co^", Fe?*, 


(с) 


(d) 


Charcoal Cavity Test 


The mixture is mixed with double of its amount of anhydrous sodium carbonate and placed in a charcoal 
block having a small cavity. The mass is moistened with a drop of water and heated in a reducing flame 
with a blow pipe. Metal salt is converted into metal via carbonate and oxide. E.g., 

CuCl, + Na,CO, — CuCO,  2NaCI 

CuCO, — CuO * CO, 

CuO + — Cu* CO 

The colour in the cavity bead or incrustation is observed. 


[же ee 


Formation of metallic bead 

(1) Lustrous white, malleable 

(ii) Greyish white, marks paper 
(iii) White, does not mark paper 
(iv) Red 


Incrustation with metal 

(1) White incrustation, brittle metal 

(11) Yellow incrustation, brittle metal 

(її) Yellow incrustation, malleable metal 


Incrustation without metal 

(i) White and yellow when hot 
(ii) Yellow and orange when hot 
(iii) Brown 

(iv) White (volatile, garlic odour) 


Flame Test 
A paste of salts and concentrated НСІ is taken into the lower oxidising zone and colour imparted to the 
flame by salts is observed. The salts of group У (Ba?*, Ca?*, Sr-*) are identified by colours of the flame. 


Greenish blue 
Apple-green 
Crimson-red 
Brick-red 
Golden-yellow 
Violet 
Carmine-red 


Important note 

(1) Be & Mg don't give flame test due to high ionization potential. 
(2) Colourless white salt dont' possess Cu, Ni, Co, Fe, Mn, Cr etc. 
(3) White substances which swells are alum, borate and phosphate. 
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Sublimation Action of a Substance and Colour 


(е) 


(0 


White HgCl,, Hg,Cl,, As,;O;, Sb,O, 
Yellow AICI, and NH, halides 

Brown HgO, Hg(NO; h 

Blue, Black and Voilet lodides 

Black As, Sb, Hg sulphides and iodides. 


Borax Bead Test 
On heating borax the colourless glass bead formed consists of sodium metaborate and boric anhydride. 
Na;B,0;. 10H,O —"*?' , Na,B,O, __Heat_, 2NaBO2 +B203 
Glassy bead (mass) 

On heating with a coloured salt, the glassy bead forms a coloured metaborate in oxidising flame. 
CuSO, э СиО + SO, 
CuO + B0, > Cu(BO,), 

Copper metaborate 

(Blue) 


Oxidising - flame Reducing - flame 


Copper 


Iron Brown-yellow| Pale-yellow 
Chromium 

Cobalt 

Nickel 


Cobalt Nitrate Charcoal Test 


The mixture is mixed with double of its amount with sodium carbonate, placed in the charcoal cavity, and 
moistened with a drop of water and heated in an oxidising flame with the help of a blow pipe. After 
cooling, one or two drops of cobalt nitrate solution are added and the mass is again heated in the 
oxidising flame. Metal oxide combines with cobalt oxide (from cobalt nitrate) forming mixed oxide of 
characteristic colour. 

ZnCl, + Na,CO, — ZnCO, + 2NaCl 

ZnCO, — ZnO + CO, 

2 Co(NO,), — 2CoO + 4NO, + О, 

ZnO + Соо — CoZnO, 


Cobalt zincate 
(green) 


Blue mass 
Green residue 


Pink residue 
Bluish green 


IDENTIFICATION OF ACIDIC RADICALS 


(A) 


(1) 


(2) 


GroupI: This group consists of radical which are detected by dilute H SO, or dilute НСІ. 
These are (i) Carbonate, (ii) Sulphite, (iii) Sulphide, (iv) Acetate and (v) Nitrite 


Сгоир П: This group consists of radicals which are detected by concentrated H5SO ,. 
These are (i) Chloride, (11) Bromide, (iii) lodide, (iv) Nitrate and (v) Oxalate 


Сгоир Ш: The radicals which do not give any characteristic gas with dilute and concentrated H,SO,. 
These are (1) Sulphate, (ii) Phosphate, (iii) Borate and (iv) Fluoride. 


Observation of Dil. HCI / H SO, + little amount of substance on slow heating. 


CO,? (Carbonate) 

Test/Observation/Analysis 

(1) Sharp bubbling of colourless gas (CO; ) 

(ii) Gas truns milky to lime water, 

(iii) On passing excess gas through lime water, milky colour disappears. 


Reaction : 

CaCO, + H,SO, - CaSO, + H,O + co,* 

CO, + Ca(OH), ^ CaCO,: (Milky) + H,O 

CaCO, + СО, + Н,0 > Ca(HCO;), 
(soluble) 


SO," (Sulphite) 

Test/Observation/Analysis 

(1) Colourless gas (SO) in which very unpleasant smell of burnt sulphur 

(ii) Gas turns green to moist acidic K,Cr,07 paper K,SO, + Cr(SO,), (green) + H,O 
(iii) Sulphite gives white ppt. with BaCl, which is soluble in dil. НСІ 


Reaction : 

CaSO; + Н,50; > CaSO,+H,0 + SO, 7 
K,Cr,0, + H,SO, + 350, > 

Na,SO, + BaCl, » 2NaCI + BaSO,4 
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(3) 


(4) 
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S (Sulphide) 
Test/Observation/Analysis 
(i) Colourless gas with rotten egg smell (H-S) 


(1) Gas turns black to lead-acetate paper 
(iii) Sulphide turns violet colour to 


Sodium nitroprusside solution 


Reaction : 

CaS + H,SO, > CaSO, +H,ST 

(CH,;COO),Pb+H,S—PbS-(black) 2CH,COOH 

Na,S+Na,[FeNO(CN),]— Na,[Fe(NOS\(CN).] 
(violet) 


CH,COO™ (Acetate) 

Test/Observation/Analysis 

(1) Vinegar smell, acetate may be 

(ii) Acetate gives blood red colour with neutral 
FeCl, solution 


Reaction : 
(CH4COO),Ca*H,SO 492CH,COOH +CaSO, 


(Vinegar smell) 


3(CH,COO),Ca +2FeCl, -› 2Fe(CH,COO), + 3CaCl, 


NO, (Nitrite) 
Test/Observation/Analysis 


(i) Red, brown NO, vapour comes out. Nitrite may be 


(ii) Gas turns blue to acidic KI starch paper 
Reaction : 

2KNO, + H,SO,>K,SO, + 2HNO, 
3HNO,>HNO, + 230? + H,O 

2NO + O, + 2NO,7 

2KI + 2NO, 2 2KNO, + 1,7 

Starch + I, — blue colour 


20170809 003050 
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(B) 


(7) 


(8) 


Observation of Conc. H,SO, + little amount of substance of slow heating 
Cr (Chloride) 


Test/ observation/ Analysis 

(1) Colourless fuming gas (НСІ) with fast smell 

(ii) Chloride gives white ppt. with AgNO,, which is soluble in NH,OH 

(iii) Chromyl chloride test (v.imp.) 

(a) Sodium chloride when heated with K4Cr,O; & conc. H SO, then orange red vapour of chromyl 
chloride СтО,СІ, comes out Hg;Cl, , РЬСІ, , АБС! does not give the positive chromyl chloride test. 
(b) This vapour when passed with NaOH gives yellow solution (Na,CrO,) 

(с) Acidic solution of Na,CrO, gives yellow ppt. with (CH,;COO), Pb 


Reaction : 
2NaCl + H,SO, > Na,SO, * 2HCI 1 
NaCl + AgNO, + AgCI + + NaNO, 
(white) 
AgCI + 2NH,OH 5 Ag(NH4)SCI + 2H5O 
(Soluble) 
4NaCl + K,Cr,0, + 3H,SO,> 2Ст0,СІ, + 2Na,SO, + K,SO, + 3H,0 
(orange red) 
СгО,СІ, + 4NaOH — Na,CrO, + 2NaCl + 2Н,0 
Na,CrO, + (CH,COO),Pb > 2CH,COONa + PbCrO, + (yellow ppt) 


Br- (Bromide) 

Test/ observation/ Analysis 

(i) Brown vapour comes out of (Br,)Br~ or NO," may be 

(ii) Bromides gives light yellow ppt. with AgNO, which is partially soluble in NH ,OH. 

(iii) Brown vapour of Br, when passed with H,O gives brown colouration whereas NO, vapour don't 
give any colour with H,O 


Reaction : 

2NaBr + H5SO, — Na,SO, + 2HBr 

2HBr + H,SO, > Вг,? + 2H,0 + SO, T 

NaBr + AgNO, > AgBr | + NaNO, 
(light yellow) 


Г (lodide) 

Test/ observation/ Analysis 

(i) Dark violet fume of L, comes out. 

(ii) Gives blue colouration with starch . 

(iii) lodides gives yellow ppt. with AgNO, which is insoluble in NH ,OH 
(iv) Iodine with chloroform gives violet coloured chloroform 
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(9) 


(10) 


Reaction: 
2Nal + H,SO, -> Na,SO, + 2HI 
2HI + H,SO, ~ 1, T 2H, O+ SO, t 


(violet) 
1, + starch + Blue colour (complex) 
Nal + AgNO, > Agl + NaNO, 
(yellow) 
2KI + Cl, (water) + 2KCI +1, 


I + chloroform — violet coloured chloroform 


NO, (Nitrate) 
Test/ observation/ Analysis 
(i) Brown smoke comes out (NO;) 


(ii) Ring test (v. imp.) aq. solution of salt is mixed in fresh FeSO, and conc. H4SO, is passed through 
comers of test tube, brown ring is formed. (brown ring of nitrosoferrous sulphate) 


Reaction : 

NaNO, + H,SO, > NaHSO, + HNO, 

4HNO, > 2H,0 + O, + 4NO, 1 

NaNO, + H,SO, + NaHSO, + HNO, 

6FeSO, + 2HNO, + 3H,SO, -› 3Fe,(SO,), + 2NO + 4H,0 
FeSO, + 5H,0 + NO + [Fe(H,0).(NO)] SO, 


Solution brown ring 


5072 (Sulphate) 
Test/ observation/ Analysis 


Small amount of substance + сопс. HNO, mixtures is heated & now adding BaCl, white ppt comes 
which is insoluble in acid or base sulphate confirmed 


Reaction : 

Na,SO, + 2HNO, — 2NaNO, + H,SO, 

H,SO, + BaCl, -> BaSO, + + 2НСІ 
(white) 
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Illustration 


Q.1 


Ans. 


[Sol. 


Q.2 


Ans. 
[Sol. 


Q.3 


Ans. 
[SoL 
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(A) S +50, (B)S + ŠO, 


(A) 


ж * 
(С) § +50, 


ж ж 
550,2 + 241 HCK(dil.) + S+SO,+H,O+2Cr ] 


Na.C,O, + H,SO,— (А) + Na,SO, 
ЈА 
Н.О + (X) + (Y) 
Burns with Tums lime water 
blue flame milky 
Which of the following reactions will give both gases (X) and (Y)? 
(A) H,C,0,_4 , 


(C) HCOONa > 
350°С 


(A, B) 

Ка,С,О, + H,SO, — H,C,O, + Na,SO, 
H,C,0, _4., Н,0+Х= СО+Ү= CO, 
FeC,0, _^ , FeO + СО + CO, 
2HCOONa _5_‚ Na,C,O, +H, 
2HCOOAg _4., Ag+HCOOH+CO, ] 


Which of the following would give yellow turbidity with dilute НСІ? 


(A) S> (B) S,0,% (C) CO, 
(B) 
$,0,- + 2HCl ——$80,1 «2Cl - S] +H,O 
Suffocating Yellow turbidity 
smell of or 
white turbidity 


buming 


201708097003055.ipq 
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(В) FeC,0, _^, 


(D) None of these 


(D) NO, 


[Sol 
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Salt A water soluble gives pink colour with phenolphthalene and salt B will not give pink colour with 
phenopthelene but both salt give colourless or odourless gas (X) on heating, gas (X) gives white turbidity 
with Baryta water which disappear on passing excess of gas (X). Salt A and B are. 

(A) СО,2- (B) HCO, (C) HSO, (C) 50,2- 

(A, B) 

Salt A+ HPh ——» Pink colour 

СО 


Salt В + HPh ——» Hot pink colour 
HCO,9 


CO; | HCO,9 —— со, f 
[X] 
[X] + Ba(OH), —95 BaCO, 
white turbidity 


CXCCSS 
CO, 


Ba(HCO,) soluble ] 


Exercise 


Q.1 


Ans. 


Borax bead test of salt (M) is performed, violet colour of the bead is obtained under oxidising flame. 
What is the oxidation state of the cation present in salt (M)? 

(A) *7 (B)*4 (С) + 2 (D) can't be predicted. 

(D) 


Which ofthe following reaction(s) is / are not redox reaction. 
(A) CrO- + Ht + H0, —°_, 

(B)[C(OH),]] -H,O,- OH —> 

(C) MnO, + H* + H,O, —э 

(D) K,Cr,O, (solid) + NaCl + H,SO, (conc.) —*~_, 

(A, D) 


SO, gas is passed through starch iodate solution in acidic medium and the resulting solution is 
(A) Salmon red coloured precipitate 

(B) Red compound of unknwon composition 

(C) Brown colour 

(D) Deep blue solution 

(D) 
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TEST OF BASIC RADICALS 


I-Group 


This group includes Ag*, Pb**, and Hg5* (ous). The group reagent is dilute hydrochloric acid. The radicals 


are precipitated as their chlorides because the solubility product of these chlorides (AgCl, РЬС1, and 
Hg,Cl,) is less than the solubility of all other chlorides which thus remain in solution. 


Note: 


Pb*? ion gives yellow ppt. with K;CrO, & PbC1,+ K CrO} э PbCrO yellow) * 2KCI 
KI soln. separately. PbCl, + 2KI ~» РЫ, Hyellow) + 2KCI 


Hg,*? gives black ppt. with NH, Hg,Cl, + 2NH,OH — Hg(NH,)C1+ Hg} 
+NH,CI+2H,0 


(i) AgCI is soluble in NH ,OH AgCI + 2NH,OH > [Ag(NH,),]CI + 28,0 
(ii) Ag" ion gives yellow ppt. with KI Ар? *I- — Agl + (yellow) 


PbC1, is soluble in hot water (but insoluble in cold water) Whereas insoluble in both AgCI & НЕСІ, 


II-Group 


This group includes Hg**, Pb^*, Bi**, Cu?*, Са?” (all in ПА), As*^, Sb^*, Sn?* and Sn** (all in IIB). 


The group reagent is hydrogen sulphide in presence of HCI. These radicals are precipitated as their 
sulphides, whereas the sulphides of other metals remain in solution because of their high solubility 
product. 


Hes, PbS, Bi, S, and Си are black, CdS, As,S, and SnS, yellow, SnS brown, and Sb,S, is orange. 


The function of HCI is to decrease ionisation of H,S (due to common ion effect) so that only the solubility 
product of sulphides of II group radical is exceeded and not that of III, IV and V group. Hence III, IV and 
V group radicals are not precipitated by H,S in the presence of HCI. 

Pbs and CdS are precipitated only on dilution due to higher K. 


ПА and ПВ group sulphides are separated by yellow ammonium sulphide (NH,),S, in which ПА group 
sulphides are insoluble whereas that of IIB are soluble forming thiosalts. 
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Adding Hg** ion white ppt. obtained which 2Hg*? + SnCl, — Sn*4+ Hg,Cl, + 
turns black (white) 
НЕСІ, + SnCl, — SnCl, +296 4 
(black) 


G) In solution, Pb*? gives white ppt. with H,SO, | Pb*? + H,SO, — PbSO, і + 2H" 
(white) 


(ii) In solution Pb*? ion gives yellow ppt. Pb? + Cr,O;? — PbCrO, + (yellow) 
with K,CrO, & КІ РЬ? + 2I- — РЫ, + (yellow) 


(i) These ion gives dark blue colour with Cu*? + NH,OH — [Cu(NH,),]? + H,O 
excess NH,OH (dark blue colour) 


(ii) Си”? ion gives chocolate colour with 2Cu? +K Fe CN) — Сш [Fe(CN),] + +4k 
K,Fe(CN), (chocolate or red brown ppt.) 


Bi*? ion gives white ppt. while adding water ВІСІ, € НО — BiOCI ++2HCI 
In НСІ soln. (white bismuth oxychloride) 
BiCl, + 3Na,SnO, + 6NaOH — 
(sodium stanite) 
2Ві L +3Na,SnO, + 6NaCl - 3H,O 
(black sodium stanate) 


(1) The yellow precipitate is dissolved in 50% 3Cds + 8HNO, — 3Cd(NO,), + 
HNO,. To the resulting solution, NH „ОН is (5009) АН,О+2МО +35 
added slowly. A white ppt. appears which Cd(NO,), + 2NH,OH-» 2NH,NO, 
dissolve in excess of NH ,OH. * Cd(OH), + 
white ppt. 
Са(ОН), + 2NH,OH + 2NH,NO, ~» 
[Cd{NH,),}(NO,),aq. + 4H,0 


(ii) When H,S gas is passed in this solution [Cd(NH,),)(NO,), + H,S— 
a yellow ppt. appears CdS + 2NH,NO, + 2NH, 
(yellow ppt.) 


Ш group 


This group includes Fe**, AP*, and Сг?*. The group reagent is NH,OH and in presence of NH,CI, the 
radicals are precipitated as their hydroxides. The function of NH,Clis to suppress the ionisation of NH ,OH 
so that only the III? group radicals are precipitated, because the solubility product of III" group hydroxides 
is less than that of IV and VI group hydroxides. 


Excess of NH,CI should be added, or else managanese will be precipitated in III group. 


adea | Tewobseration/ Anal | Rescion O 


These ion precipts in the form of hydroxide Fe^? + 30H- — Fe(OH), (red ppt.) 
on adding NH Cl & NH,OH Cr*? + 30H” — Cr(OH), (green ppt.) 
AI + 30H- — АКОН), (white ppt.) 


Note : In the analysis of HI group, some drops of conc. HNO, аге also added before oxidising Fe*? to Fe**- 
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White ppt. of AKOH), is soluble in NaOH 


ppt. of Cr(OH), is soluble in NaOH + Br, water 
soln. in this soln. when BaCl, is added yellow 


(1) (а) Brown ppt. of Fe(OH), is soluble in НСІ 
(b) When KCNS is added in this soln. 
soln. blood red colouration ts obtained 


(ii) In this soln., on adding K ,[Fe(CN),], 
prussian blue colour is obtained 


IV group 


ACC- CH-QUALITATIVE ANALYSIS 


Imp. AKOH), + NaOH — NaAIO, *2H40 
(sodium metaaluminate) 
Br; + HO 2HBr * O 
2Cr(OH); + NaOH +30 —» 
2Na,CrO, + SHO 
ppt. is obtained М№а,СтО, + BaCl, > 
BaCrO, + (yellow ppt.) + 2NaCl 


Fe(OH), + 3HCI —» FeCl, + 3H,0 
FeCl, + 3KCNS — Fe(CNS), + 3KCI 
(ferric thiocyanate) 
(blood red) 
4РеСІ, + 3K,[Fe( CN), — 
Fe,[Fe(CN),], + 12KCI 
(ferric ferrocyanide prussian blue) 


This group includes Co^*, Ni?*, Zn** and Mn. The group reagent is hydrogen sulphide in ammonical 
solution. Radicals are precipitated as sulphides which are insoluble in NH ,OH. 


CoS, NiS - Black 


MnS - Buff 


ZnS-White 


The function of ammonium hydroxide is to increase the ionisation of H,S. 
Thus, an excess of sulphide ions will be available and hence the ionic product of IV group sulphides 
exceeds their solubility product and precipitates will be obtained. 


Rara secte 


These ions in presence of NH ,OH 
precipititate on passing H-S. 

Black (CoS, NiS) 

ppt., (soluble in aqua-ragia) 

White (ZnS) (soluble in НСІ) 

Pink or buff (MnS), soluble in НСІ 

In presence of NH ,OH, Ni salt on reaction 
with dimethyl glyoxime (DMG) turns red 

ppt. of nickel dimethyl glyxoime = =—- — Nickel 
dimethyl glyoxime (red ppt) 


Cobalt salt turns blue colouration with 
NH,CNS 


In solution, Zn** ion turns white ppt. with 
NaOH which is soluble in excess NaOH 


(a) Mn*? ion gives pink ppt. with NaOH 
(b) On beating turns black or brown 


MCI, +H,S—> MS + +2HCI 


V. Imp. CH;- m * NiCl, * 2NH,OH 
CH,-C=NOH 
— (C,HyN,O,)2Ni 1 + INH,Cl+2H,0 
CoCl, + ANH, CNS > 
(NH,),[Co(CNS),] + 2NH,CI 


{ammonium cobalt thiocyanate) 
(blue colour) 


V. Imp 
Zn‘? + 2NaOH — Zn(OH), + (white)+ 2Na 
Zn(OH), + 2NaOH — Na,ZnO, + 2H40 


V. Imp 
Mn*? + 2NaOH — Mn(OH), + +2Na 
(Pink) 


Маон), +O —*-» MnO, + H,O 
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This includes Ba?*, Sr?* and Ca**. The group reagent is ammonium carbonate in the presence of NH,CI 
and NH,OH. These are precipitated as carbonates which are insoluble in NH ,OH. 


The function of ammonium chloride is to suppress the ionisation of NH ,OH and (NH,),CO, and thus 
check the precipitation of Mg(OH), (along with V group carbonates) because the solubility product of 
Mg(OH), and МЕСО, is high. Further NH,CI should also not be added in excess, as the high 
concentration of NH, ions will decrease the ionisation of (NH ,); CO, to such an extent that sufficient 
CO, ions may not be present and carbonates of this group of metals may not precipitate. 


| Radical | Test/ observation/ Analysis 


On adding (NH ,),CO.,. these precipitates in 
Ba*?, Sr*?, | the form of carbonates. soluble in CH СООН 
Са*? 
Ba‘? Gives Ba”? ion in solution 

(1) Yellow ppt. with K,CrO, 

(ii) white ppt. with (NH4),SO, 

(iii) white ppt. with (NH пее 

Sr‘? ion with (NH,),SO, gives white 

precipitate 

Ca*? ion gives white ppt. only with 

(NH,),C,0, 


Note : The order of that is same as above Ba*?, Sr*?, Cat? 


VI Group 


M? +(NH,),CO, -» МСО, * 2NH,* 
BaCO,, CaCO,, SrCO, (white) 


Ba‘? + K,CrO, — BaCrO, + ( yellow) 4 2K 
Bat? - (NH4SSO, э BaSO ,Swhitc)* 2NH,* 
BaH (NH, C0 BaC;O d (white)* 2NH4* 
Sr (NH4SO, — SrSO,+ +2NH,* 
(white ppt.) 
Cat? + (NH,),C,0, + CaC,0, + +2NH,* 
(white) 
S? + (NH,),C,O, э SrC,0,1 +2NH,* 
(white ppt.) 


[Radical |  Tes/obeervation Analysis оваа 


Mg" Mg"? ion gives white ppt. with NH,OH 

Zerogroup/| (NH,),HPO, 

NH, (1) (a) All ammonium salts on reacting with 
base like (NaOH), gives smell of NH 3 
(b) Gas evolved (МН) gives white fume 
with НСІ 
(c) On passing NH, in Hg,(NO,),, blake 
colour is obtained 


(b) Brown ppt. is obtained with 
nesseler’s reagent 


Ма? + (NH, HPO; + NH,OH э 
MgNH,PO, 1 (white) + 2NH,* + H,O 


(a) NH Cl + NaOH — NaCl + NH,7 +H,0 
(b) NH, + НСІ» NH,C1T (white fume) 


(с) Hg,(NO;)}, + 2NH, — 
Hg + Hg(NH,)NO, + NH,NO, 
(black) > 
(d) 2K ,Hgl, + 4KOH + NH,Cl-> 
(Nesseler's reagent) 


L^ NH, 


"= 
P 4 +7KI+ KCI. 3H,0 


Ы, 


(lodide solution black or brown ppt.) 
millions base 
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Illustration 


Q.1 During group analysis, reddish brown ppt. is observed in group-1II. What is the oxidation state of the 
metal present in the above precipitate. 


(A) +2 (B)*3 (C)both+2and+3 (р) Сапч be predicted 
Ans. (B) 
[Sol +3 

Fe(OH), 

Reddish brown ] 


Q.2 Whichofthe following statement is correct. 

(A) Using KCN solution Cu?* and Cd** ion can not be distinguished 

(B) SO,C1, on hydrolysis produces two molecules of HCl and Caro's acid. 

(C) The oxidation state of Ag in AgO is +2. 

(D) No indicator is required in the estimation of KMnO, using standard oxalic acid solution 
Ans. (D) 


Ca" Cu(CN), 


[Sol. ( A) KCN Yellow: ppt. 
Cd 2 d(CN), 
White ppt 


(B) 50,С1, 2°, H,sO, + 2HCI 
(C) AgOexistasAg*'[Ag“0O,] 
(D KMnO,actasselfindicator. ] 


Q.3  Klisaddedin excess into Hg(NO,), solution. The observation is 


(A) Yellow ppt. of HgL, (B) Scarlet red ppt. of Hgl, 
(C) Colourless solution of [Hgl,]"- (D) None of these 
Ans. (C) 


[Sol Hg(NO,), + 2KI — Hgl, + 2KNO, 
Mgl, + 2KI —> K, [Hgl,] 


— BÀ a ee ee ee eee ám 


Wee DAP SI Rain ere mer Late Нш ынчан ar ] 
Q.4 Unknown solution of salt 'A' EMO. green ppt is obtained. 
Which ofthe following radicals will be confirmed. 
(A) Ni?* (B)Cu** (C) 5,0;2- (D) SO, 


Ans. (B) 
[Sol. Cu +2 + K; [Fe(CN i] — Cu 3 [Fe(CN J ] 
green PPT 
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Exercise 


Q. 


Select correct statement(s) 

(I) When excess FeCl, solution is added to K,[Fe(CN),] solution in addition to Fe! [Fe"(CN),], 
Fe"[Fe''(CN),} is also formed due to side redox reaction 

(II) When FeCl, is added to K,[Fe(CN),] solution, in addition to Fe" [Fel (CN), ]", Ее [Ее (СК), 

is also formed due to side redox reaction. 

(Ш) Fe [Fe (CN). ]- is paramagnetic while Fe"'[Fe"(CN),} is diamagnetic 

(IV) Fe"[Fe'(CN),] is diamagnetic while Fe" Fe" (CN), ] is paramagnetic 

(A)L, H (B) UL IV (C) All (D) None 

(A) 


Which ofthe following compound is/are partially soluble or insoluble in NH,OH solution 
(1) Fe(OH), (2)Ag,CrO, (3AMKOH)  (4)Ag,CO, (5) МОН), 


(A) 1,3,5 (B) 2, 3,4 (C) 1.3 (D) 2, 3, 5 
(С) 

The sulphide which is insoluble in both ammonium sulphide and HNO, is 

(A) Bi,S, (B) CuS (C) FeS (D) HgS 
(D) 
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SOLVED EXAMPLE 


Q.1 Ascarlet compound A is treated with concentrated HNO, to give a chocolate-brown precipitate B. The 
precipitate is filtered and the filterate is neutralised with NaOH. Addition of KI to the resulting solution 
gives a yellow precipitate C. The precipitate B on warming with conc. HNO, in the presence of Mn(NO,), 
produces a pink-coloured solution due to the formation of D. Identify A, B, C, and D. Also, write the 
reaction sequence. 

Sol. Since yellow precipitate (C) is obtained with КІ and the pink-coloured solution is formed with concentrated 
HNO, and Mn(NO,),, the compound should be of Pb. We know that Pb,O, is a scarlet compound. 


conc. 
(A)Pb,O,  HNO, PbO:(B) Ncutralised with РЫС) 
А. шыша sa 4) MN ai „ыл NNI 
Scarlet Chocolate brown ppt. NaOH, KI solution Yellow ppt. 
Conc, HNO, + Mn(NO,), _ Pb(MnO,X(D) 
Pink solution 
The equations are as follows: 


(i) Pb,O, + 4HNO, — PbO, 1 + 2Pb(NO,), + 2Н,0 
(ii) Po(NO,), + 2KI ___, РЫ, + 2KNO, 
(iii) SPbO, + 4HNO, + 2Mn(NO,), ——, Pb(MnO,), + 4Pb(NO,), + 2H,O 


Q.2 A certain salt (X) gives the following tests: 
(i) Its aqueous solution is alkaline to litmus. 
(ii) On strong heating, it swells to give a glassy material. 
(її) When concentrated sulphuric acid is added to a hot concentrated solution of (X), white crystals ofan 
acid separate out. 
Identify (X) and write down the chemical equations for reactions at step (i), (ii), and (iii). 

Sol. Since the aqueous solution of salt (X) is alkaline to litmus, it should be sodium or potassium salt. It swells 
to give a glassy material on heating, the salt (X) should be borax, that is, Na,B,O, or Na,B,O,. 10H,0. 
It is further confirmed by the reaction of borax and concentrated H,SO, as it gives boric acid which is a 
white crystalline compound. Boric acid is a weak acid. 


The reactions are as follows: 
(i) Na,B,0, + 7H,0 > 2NaOH +  4H,BO, 
^ ^ Highly feebly 
ionisable ionisable 


Since NaOH is highly ionisable and H,BO, is feebly ionisable, the solution is alkaline. 


(ii) Na,B,O, -— 2NaBO, T B,O, 
(glassy bead) 


(iii) Na,B,O, + H,SO, + SH,O __, Na,SO, + 4H,BO,. 


We know that H,BO, is a white crystalline compound and is a weak acid. 


Q3 
(0 


(ii) 
(iii) 


(iv) 


Sol. 


Q.4 
() 
(ii) 
(ш) 
(iv) 


Sol. 


Q.5 
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An inorganic compound (A) is formed on passing a gas (B) through a conc. liquor containing Na,S and 
sodium sulphite. 
On adding (A) into a dilute solution of silver nitrate a white precipitate appears which quickly changes into 
a black coloured compound (C). 
On adding two or three drops of FeCl, into the excess of solution (A) a violet coloured compound (D) is 
formed. This colour disappears quickly. 
On adding a solution of (A) into the solution of cupric chloride, a white precipitate is first formed which 
dissolves on adding excess of (A) forming a compound (E). 
Identify (A) to (E) and give chemical equations for the reactions at steps (1) to (1v). 
The reactions indicate that the compound (A) is sodium thiosulphate. It is formed in step (1) by passing gas 
(B) which is either L. 
(i) Na,S + Na,SO, + 1, —> №,5,0, + 2Nal 
(B) 

(ii) 2AgNO, + Na,S,0, —9 Ag,S,O, + 2NaNO, 

(White ppt) 

Ag,S,0, + H.O —> Ag,S + H,SO, 
(C) black 


(її) 5,027 + Fe" — [Fe** (S,O,),} 
(D) violet 


(iv) 2Cu** + 35,02 —9 Си,5,0, + + S07 


white ppt. 
3Cu,S,0, ++ 2Na,S,0, —> Na,[Cu,{S,0,).] 
white ppt. {excess) (E) soluble complex 


A blue coloured compound (A) on heating gives two of the products (B) & (C). 

A metal (D) is deposited on passing hydrogen through heated (В). 

The solution of (B) in НСІ on treatment with the K,[Fe(CN),] gives a chocolate brown coloured precipitate 
of compound (E). 

(C) tums lime water milky which disappears on continuous passage of (C) forming a compound (Р). 
Identify (A) to (F) and give chemical equations for the reactions at step (1) to (iv). 

A = 2CuCO, Cu(OH),, B= CuO, C = CO,, D = Cu, E = Cu,[Fe(CN),], Е = Ca(HCO,),. 

Azurite 


A light bluish green crystalline compound responds to the following tests: 

(i) Its aqueous solution gives a brown precipitate or colouration with alkaline K.[Hgl,] solution. 
(ii) Its aqueous solution gives a blue colour with K.[Fe(CN),] solution. 

(111) Its solution in hydrochloric acid gives a white precipitate with BaCl, solution. 

Identify the ions present and suggest the formula of the compound. 


20 
Sol. 


Q.6 
G) 


(i) 
(iti) 
(av) 


(v) 


Sol. 


Q.7 


Sol. 


The brown colouration with alkaline K,Hgl, indicates the presence of NH*, ions. The blue colouration 
with K,[Fe(CN),] indicates the presence of Fe™ ions. The white precipitate with BaCl, solution indicates 


the presence of SOT ions. The formula of the compound is FeSO (NH), SO,.6H,O. 


FeSO,.(NH,),SO,.6H,O — Fe?” + 2NH,' + 280, + 6H,O 

NH", ions in the aqueous solution give brown colouration with alkaline K,Hgl , Fe?' ions in aqueous 
solution give blue colouration with K,[Fe(CN),]. 

2SO*-, ions in aqueous solution (dilute НСІ) give a white precipitate with BaCl, solution. 


Ап оге (A) on roasting with sodium carbonate and lime in the presence of air gives two compounds, (В) 
and (C). 
The solution of (B) in conc. HCl on treatment with potassium ferrocyanide gives a blue colour or precipitate 
of compound (D). 
The aqueous solution of (C) on treatment with conc. H,SO, gives a orange coloured compound (E). 
Compound (E) when treated with KCI gives an orange red compound (F) which is used as an oxidising 
reagents. 
The solution of(F) on treatment with oxalic acid and then with an excess of potassium oxalate gives blue 
crystals of compound (G). 
Identify (A) to (С) and give balanced chemical equations for reactions at step (1) to (v). 
The ors is chromite FeOCr,O,. 
(i) 4FeO. Cr,O, + 8Na,CO, + 70, —“*> 2Fe,0, + 8Na,CrO, 
(В) (C) 
(ii) Fe,O, + 6НСІ —> 2FeCl, + 3H,O 
(B) 
4FeCl, + 3K,Fe(CN), — Fe[Fe(CN),], + 12 KCI 
(D) Prussian blue 
(їп) 2Na,CrO, + H,SO, —> Na,Cr,O, + Na,SO, + H,O 
(E) 
(iv) Na,Cr,O, + 2KCI —— K,Cr,O, + 2NaCl 
(F) orange red 
(у) K,Cr,0, + 4H,SO, + 3H,C,0, —9 K,SO, + Cr,(SO,), + 6CO, + 7H,O 
Cr,(SO,), + 6K,C,0, —9 2K,[Cr(C,0,),] + 3K,SO, 
(G) Blue crystal 


A white substance (A) on heating with excess of dilute HCI gave an offensive-smelling gas (B) and a 
solution (C). Solution (C) on treatment with aqueous ammonia did not give any precipitate but on treatment 
with NaOH solution gave à precipitate (D), which dissolves in excess of NaOH solution. (A) on strong 
heating in air gave a strong-smelling gas (E) and a solid (F). Solid (F) dissolved completely in HCl and the 
solution gave a precipitate with BaCl, in acid solution. Identify (A) to (Е) and write the chemical equations 
for the various reactions involved. 

Since solution C gives precipitate with NaOH solution which is soluble in excess of NaOH, the cation 


Q.8 


Sol. 


Q.9 


Sol. 
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should be an amphoteric metal like Zn or Al. Again, solid F is soluble in HCl and gives a white precipitate 
with BaCl,. Therefore, the anion must be SO", ion. 
Substance A gives an offensive-smelling gas and, thus, the compound A may be ZnS or Al,S,. But, ALS, 
on heating in air does not form Al,(SO,),. 
г. Itis concluded that the compound A is ZnS, The chemical reactions are as follows: 

ZnS +2НСІ — ZnCl,+H,ST 


(A) (C) (B) 
ZnCl, + 2NaOH -› Zn(OH), + 2NaCI 
(С) (D) 


Zn(OH), + 2NaOH — Na,ZnO, + 2H,O 
3ZnS + 50, — ZnSO, + 250, + 2ZnO 
(Е) (Е) 
ZnSO, + BaCl, > BaSO, + ZnCl, 
Hence А = ZnS; B= H,S; C = ZnCl, 
D=Zn(OH),, E=SO,; F= ZnSO, 


Complete the following by identifying (A) to(F). 


(i) CuSO,SH,O —U9€ ,(A) 39€ (By 899€ ,(C)- (D) 


(ii) AgNO, “5 (E) - (F) - O, 


A = CuSO,. H,O , B = CuSO, C= CuO, D = SO, ,E=Ag, F - NO, 


An unknown solid mixture contains one or two of the following: CaCO,, BaCL, AgNO,, Na,SO,, 
ZnSO,, and NaOH. The mixture is completely soluble in water and the solution gives pink colour with 
phenolphthalein. When 0.1 N HCI solution is gradually added to the above solution, a precipitate is 
produced which dissolves with further addition of the acid. What is /are present in the solid? Give equations 
to explain the appearance of the precipitate and its dissolution. 

Since the mixture is completely soluble in water, the presence of CaCO, is ruled out. Further, the solution 
of the mixture gives pink colour with phenolphthalein; therefore, NaOH is present in the mixture. A gain, 
the precipitate is dissolved by adding HCL. This rules out the possibility of BaCl,, AgNO,, or Na,SO,, It 
is because if BaCl, is there, the precipitate of Ba(OH), should be formed in the presence of NaOH 
whereas the mixture is completely soluble. If AgNO, is there, the precipitate of AgC] should be formed 
with НСІ. There is no possibility to form precipitate with Na,SO,. 

Now ZnSO, may be the second compound of the mixture. Actually, NaOH is in excess in the mixture, 
Therefore, sodium zincate is formed in the solution which is soluble in water. On adding HCl in Na,ZnO,, 
a precipitate of Zn(OH), forms which dissolves in HCI to form ZnCl, 

The reactions are as follows: 

ZnSO, + 4NaOH — Na,SO, + 2H,O + Na, ZnO, 

Na,ZnO, + 2HCI ^ Zn(OH),+ + 2NaCl 

Zn(OH), + 2НСІ — ZnCl, + 2H,O 

Hence, the mixture contains NaOH and ZnSO 4: 


Q.10 A colourless inorganic salt (A) decomposes completely at about 250°C to give only two products, (В) 
and (C), leaving no residue. The oxide (C) is a liquid at room temperature and neutral to moist litmus 
paper while the gas (B) is a neutral oxide. White phosphorus burns in excess of (B) to produce a strong 
white dehydrating agent. Write balanced equations for the reactions involved in the above process. 


. Since the colourless inorganic salt ‘A’ on heating gives no reside hence it should be ammonium salt. One of 


the products is oxide which is liquid at room temperature and neutral. Therefore, this oxide may be water. 
The second product is also neutral oxide. On the basis of above discussion, the compound ‘А’ may be 
NH,NO,. Its reactions are given below: 

NH,NO, — N,O+H,0 

(A) (B) (C) 

10N,0+P, — P,O+ ION, 

P,O,, is strong dehydrating agent. 
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(ii) 


(ш) 


(iv) 


d -BLOCK ELEMENTS 
TRANSITION ELEMENTS AND COMPLEXES 


They are often called ‘transition elements' because 

They show's variable oxidation state in their compounds. 

There outermost (п'ћ) and as well as penultimate (n — 1) shell is incomplete. 
Their position in the periodic table is between s-block and p-block elements 


Typically, the transition elements have an incompletely filled d-level. Since Zn group has d? configuration 
and are not considered as transition elements but they are d-block elements. 


The first transition series : (3d series) involves the filling of 3d orbitals and has 10 elements from 
scandium (Z — 21) to zinc (Z = 30) 


The second transition series : (4d series) involves the filling of 4d orbitals and has 10 elements from 
ytterium (Z = 39) to cadium (Z = 48). 


Га жтт |e e|] ee 
The third transition series : (Sd series) involves the filling of Sd orbitals and has 10 elements. The first 


element of this series is lanthanum (Z = 57). Itis followed by 14 elements (lanthanides, involving filling of 
4f orbitals). The next nine elements are from hafnium (Z= 72) to mercury (Z = 80) 


ааа гета го Ги Га Га 


The fourth transition series is incomplete and contains only three elements ggAc, „КЇ, уо На. 
Zn (30) is [Ar] 4s23d!9 

Cd (48) is [Kr] 5s244!9 

Hg (80) is [Xe] 6s? 4f!4 5q!0 


These elements have completely filled (n—1)d subshell in their elementary as well as ionic state and so are 
not true transition metals. Their properties are quite different from those of transition metals. 


Znis used in galvanizing, in making alloys, in making white pigment and in rubber industry (ZnO acts as 
filler). Cd is used in nuclear reactors as moderators, in making NiCd storage cells and in making paints. 
Mercury is used in scientific equipments and in electrolytic cells. Several compounds of Hg are used in 
making antiseptics. 


GENERAL CHARACTERISTICS 


(i) 


(а) 


(b) 


Electronic configuration: (n-1)d!- 9ns!-? 


Sc Ti V Cr Mn Fe Co М Cu Zn 


others are 4s! 4s! 

as usual за 3d?’ 

Metallic Character 

(i) All the transition elements are metals, since the number of electrons in the outermost shell is very 
small being equal to 2. 

(ii) They are hard, malleable and ductile, except Hg which is liquid and soft. 

(ii) ^ They exhibit all the three types of structures. Face Centred Cubic ( fec), Hexagonal Close 
packed (hep) and Body Centred Cubic ( bec). 

(iv) Covalent and Metallic bonding both exist in the atom of transition metals. 

(v) The presence of unfilled d- subshell favour covalent bonding, and metallic bonding is due to 
possession of one or two electron in outermost energy shell. 

(vi) These metals are good conductors of heat and electricity. 

Melting and Boiling Points : 

(i) The transition elements have very high melting & boiling points as compared to those of s & p 
block elements. 

(ii) The high melting and boiling point of transition metals are attributed to the stronger force that 
bind their atoms together. 

(ui) As the number of d- electron increases the number of covalent bond between the atoms are 
expected to increase up to Cr- Mo- W family where each of the d- orbital has only unpaired 
electrons and the opportunity for covalent sharing is greatest. 

(iv) — Inspite of presence of five unpaired electrons in Mn, the unexpected low melting and boiling is 


(у) 


due to its complex structure it is unable to form metallic and covalent bonds. 
The absence of unpaired electron [ ( n- 1) d'? 4s?] in Zn, Cd, & Hg is responsible for its low 
melting & boiling point. 


> 


Melting Point “C 


I^ p^ we ув vPVyIevpPVIIL IA ИВ 


Graphic representation m.p. of 3d - series elements 


(с) Atomic and Іопіс Radii 


Atomic Radii (A*) 
Ionic radii (A") 


for M” 
for М?” 
Metallic 
radii (A^) 


The value of these radii decreases generally, on moving from left to right in the period. 


Reason : 

{i) This is due to the fact that an increase in the nuclear charge tends to attract the electron cloud inwards. 

(ii) The radii for the elements from Cr to Cu are however very close to one another. 

(ui) The simultaneous addition of electron of 3d- level exercises the reverse effect by screening the outer 4s 
- electron from the inward pull of the nucleus. 

(iv) | Asaresult of these two opposing effects, the atomic radii do not alter much on moving from Cr to Cu. 

(v) | Theradii of M% ions, although some what smaller than that of Ca?' ion (=0.99 A?) are comparable 
with it. 


Oxides : 
(i) Thus Mo oxides of transition element should be similar to CaO in many ways, although some 
what less basic and less soluble in water. 
(i) ^ Similarly the Hydration energy of M^" ion [112° — Cu**] are between 446 KCal to 597 KCal is 
some what greater than that of Ca** ion [ 395 K cal]. 


Oxides of first row transition metals 
(i) Basic Oxides : Sc,0,, TiO,, Ti,O,. VO, V,0,, MnO, FeO, Fe,0,, Fe;O,. CoO, NiO, Cu,O. 
(ii) Acidic oxides : V40,, CrO,, Mn,O,. 
(iii) Amphoteric oxides : TiO,, VO,, Cr,0,, CrO,, Mn,O,, Mn,O,, MnO,, CuO. 


(d) Ionisation Potential 

(i) The first ionisation potential of transitional elements lie between those of s & p block elements. 

(ш) The first ionization potential of all the transition elements lie between 6 to 10 ev. 

(ш) In case of transition elements the addition of the extra electron in the ( n- 1) d provides а 
screening effect which shields the outer ns electron from the inward pull of positive nucleus. 

(iv) Thus the effect of increasing nuclear charge & the shielding effect created due to the expansion 
of ( n- 1) d orbital oppose each other. 

(v) On account of these counter affects, the ionisation potentials increases rather slowly on the 
moving in a period of the first transition series. 

(vi) The IE, for the first four 3d - block elements ( Sc, Ti, V & Cr) differ only slightly from one 
another. 

(vii) ^ Similarly the value of Fe, Co, Ni & Cu also аге fairly close to one another. 
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Ionisation Ti V Mn Co Ni Cu 
Potential (ev. I 


7.90 | 7.86 |7.63 


1291 1426 16.95 
24.79 2132 29.35 | 31.0 | 23.34 | 30.69 | 33.54 |35.21 |36.88 | 39.78 


(e) Oxidation State 
-Se Ti: У : Сг Mn Fe Co Ni Cu Zn 
+1 +1 
42:42:42: 42 42:42:42 542 542 
+3 +3 +3 +3 +3 +3 +3 +3 
44/44/44: 44 544544544 
[45.45.45 
+6 +6 +6 
+7 


Colour: (aquated) 
Sc? —> colourless 
Ті —> colourless 
Ti —> purple 
V** —— blue 

yt —> green 

V?* — 5 violet 
Cr* —> blue 

Crt —> green 
Мп? ——> violet 
Мп?* —› light pink 
Fe?* —— light green 
Fe** —o yellow 
Co?* —> pink 

Ni** —— green 
Cu? —> blue 

Zn? —> colourless 

(f) Relative stability of various oxidation states : 

(1) The relative stabilities of various oxidation states of 3d- series element can be correlated with the extra 
stability of 3d°, 3d* & 3d!? configuration to some extent. 
Example- Tit ( 3d?) is more stable than Ti ?* ( 3d!) 

Mn** ( 3d5) is more stable than Mn** ( 3d*). 

(ii) The higher oxidation state of 4d and Sd series element are generally more stable than those of the 

element of 3d series. 


Example - 

(a) Mo"O,? TeO,(4d- series element) & W“ 0,7, Re"'O, ( 5d - series elements) are more stable 
and in which the transition element concemed show their maximum oxidation state. 

(b | Cr^O?- & MnO, ( 3d - series) are strong oxidizing agents. 

(ii) ^ Strongly reducing states probably do not form fluorides or oxides, but may well form the heavier 
halides. Conversely, strong oxidizing state form oxides & fluoride, but not Bromide and Iodide. 


Example - 

(аў Vreactwith halogens to form VF, УСІ,, VBr,, but doesn't form VBr, or VI; because in + 5 oxidation 
state V is strong oxidizing agent thus convert Br & I to Br, & I, respectively, So VBr, & VI, are 
formed but not VBr, & VI. 

(b) _ Onthe other hand VF, is formed because У?” ion unable to oxidize highly electronegative & small anion 
Е- 

(с) Similarly highly electronegative and small О?-іоп formed oxides eg. VO j^, CrO} & MnO, etc. 

(iv) All transition elements in their lower oxidation state like to form ionic compounds. Whereas in their 


higher oxidation state they generally formed covalent compound. 

Example- 

+2 +3 +4 +5 +6 +7 

ТС, тє, TiCl, 

УСІ, УС; УС, VOCI, 

(Ionic, Less ionic basic) Amphoteric Covalent & Acidic, (Strong Lewis acid) 


TiO TiO; TiO, 

УО V,0, V,0, 

CrO Cr,0, Сто, 

MnO Mn;O, MnO, MnO, Mn;O; 
lonic Less Ionic Acidic 
(Basic) (Amphoteric) (Covalent) 


Formation of Complexes : 


(a) 
(b) 
(c) 
(d) 


(e) 


By virtue of their small size, comparatively high nuclear or ionic charge and availability of vacant 
d-orbitals of suitable energy, these metals exert strong electrostatic attraction on the ligands. The species 
formed on interaction of metal and the ligand (or ligands) is known as a complex. 
The transition metal ions form complexes because of the following reasons ; 
Their small cation size 
High effective nuclear charge 
Availability of vacant (n-1) d-orbitals of appropriate energy 
The structure commonly found in such complex are linear (i.e. co-ordination number, C.N.=2), square 
planer (C.N. =4), tetrahedral (CN = 4) or octahedral (CN = б), 
Cobalt form more complex than any other elements 
Co** + 6NH, —> [Co(NH,),]** 


Fe? + 6CN- —> [Fe(CN),]- 
Со?* + 6H,O—> [Co(H,0),]** 


ЕТТИ [е | GN. [Complexion 


[Ag(NH,);]* 
Ni(CN),]? 
[Cu(NH,),]? 
[Fe(CN),] + 
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(h) 


Magnetic properties 

Matter, in general is associated with magnetic properties. Majority of substances are either paramag- 
netic or diamagnetic. A paramagnetic substance is one which is attracted into a magnetic field. Paramag- 
netism is mainly due to the presence of unpaired electrons in atoms or ions or molecules. Diamagnetic 
substance is one which is slightly repelled by a magnetic field. 

Ti ? [Ar]3?, Ti ? [Ar]3d!. V ?[Ar]3d?, Cr? [Ar] 3? 

As is evident most of the transition metal ions have unpaired electrons in their *d' orbitals. Hence most of 
the transition metal ions are paramagnetic in nature. Transition metal ions having 3d? and 3d!? configura- 
tion exhibit diamagnetic nature. 

An unpaired electron spins and as it is a charged particle, magnetic field is created due to its spinning. 


Each electron may, in fact, be considered as a micro magnet having a certain value of magnetic moment. 
The total magnetic moment of a substance is the resultant of the magnetic moments of all the individual 
electrons. Thus substances containing unpaired electrons get attracted towards the magnets exhibiting 
paramagnetic nature. 


The magnetic moment (и) created due to spinning of unpaired electrons can be calculated by using 
u= Jn(n+2) : Where ‘n’ is the number of unpaired electrons in the metal ion. 

и = Magnetic moment in Bohr Magnetons (B.M.) 
The magnetic moment of diamagnetic substances will be zero. 


As the number of unpaired electrons increase the magnetic moment created goes on increasing and 
hence the paramagnetic nature also increases. 


Transition metal ions having d? configuration will have maximum number of unpaired electrons therefore 
they will be maximum paramagnetic in nature. 


Variation of Magnetic moment of 3d- series 


Tons 
with configura 


1 
2 
3 
4 
5 
4 
3 
2 


о = 


Formation of Coloured Compounds : 

The transition metal ions have unpaired d-electrons, which on absorbing visible light can jump from one 
d-orbital to another i.e. intra d-d- transition take place. Thus when light falls certain visible wavelengths 
are absorbed. The reflected light appears coloured and gives the colour of compound. The ions having 
no d-d transitions are colourless. 


@) 
() 


(ii) 
(iii) 
@) 


(а) 
(b) 
(c) 


(k) 
(i) 
(ii) 


(ш) 
{iv) 


A - Factors affecting the colour of complex. 
The colour ofa transition metal complex depend on- 
(i) The magnitude of energy difference between the two d- levels (A)), 
(u) An increase in the magnitude of A, decreases the wave length ( 7. ) of the light absorbed by the 
complexes. 
(ш) ^ Thus with a decrease in the 5 the colour of complex changes from Red ——» Violet. 


| Je іт ју ја [mm] Fe |с ім |o |a 


Oxidation 

Potential value 

(v) for M > - 1.20 | 0.91 0.28 | 0.25 | 0.34 | 0.76 
М?++ 2е- 

М-› M** + 

3¢ 2.10 - 0.74 - - - - 


Formation of interstitial compounds 

Small non metallic atom such as Н, B, C, N etc, are able to occupy interstitial space of the lattice of the 
d-block elements to form combinations which are termed interstitial compounds. 

These are non-stoichiometric in nature and do not follow the common rule of valency. 

These interstitial compounds have similar chemical properties as the parent metal but differ appreciably 
in their physical properties such as density, hardness and conductivity. 


Catalytic properties 

Many transition metals & their compounds have catalytic properties. Some common examples are- 
Insome cases the transition metals with their variable valency may form unstable intermediate compounds. 
In other cases the transition metal provide a suitable reaction surface. 

Enzymes are catalyst that enhance the rate of specific reactions. Some enzymes require the presence of 
metal ions as cofactors and these are called metalloenzymes. 

(i) ТІСІ, - Used as Ziegler - Natta catalyst in the production of polyethene. 

(п) V,0, - Convert SO, to SO, in the contact process for making H,SO,. 

(iit) MnO, - Used asa catalyst to decompose KCIO, to give O,. 

(ivy) Fe - promoted iron is used in Haber- Bosch process for making NH,. 

(v) FeCl, - Used for making ССІ, from CS, & CL. 

(vi) FeSO, & H,O, - Used as Fenton's reagent for oxidizing alcohol to aldehyde. 

(vii) Pt.-used as a catalyst in the manufacture of H,SO,. 

(уш) Ni-used asa catalyst in the hydrogenation of oils. 

(ix) Расі, -Wocker process for converting C,H, + H,O + PdCl, to CH,CHO + 2HCI + Pd. 
(x) Pv PtO- Adams catalyst, used for reduction. 


Alloy formation 

Transition metals forma large number of alloys. 

d- block elements are quite similar in atomic size, the atom of one metal can substitute the atoms of other 
metal in its crystal lattices. 

Thus, on cooling a mixture solution of two or more transition metals, smooth solid, alloys are formed. 
Alloy containing mercury as one ofthe constituent elements are called amalgams. 

The purpose of making alloy is to develop some useful properties which are absent in constituent element 


(а) 


(А) 


(B) 


(C) 


COMPOUNDS OF TRANSITION ELEMENTS 


Potassium Dichromate (K,Cr,0,) 

Preparation : 

(i) It is prepared from Chromite ore (FeCr,0,,). 

(i) ^ Thepreparation of K,Cr,O0, from chromite ore involve the following steps : 


Conversion of Chromite ore to Sodium Chromate : 
(i) The Chromite ore is fused with Sodium hydroxide or Sodium Carbonate in the presence of air. 
(a) 4FeCr,0, + 16 NaOH + 70, —> 8Na,CrO, +2Fe,0, + 8 H,O 


Chromite ore (Air) Sod. Chromate 
(b 4ЕеСг,О, + 8 Na,CO, + 70, —9 8 Na,CrO, + 2Fe,0, + 8 CO, 
Sod.Chromate 


Sod. Chromite is extracted with water & ferric oxide is left behind. 


Conversion of Sodium chromate to Sodium dichromate : 
(i) The Sod. chromite is acidified with dilute H,SO, giving its dichromate 
2 Na,CrO, + H,SO, —> Na,Cr,0, + Na,SO, + H,O 
(dil.) Sod. dichromate 
(ii) On concentration, the less soluble sulphate crystallises and is filtered out. The resulting solution 
contains Sod. dichromate. 


Conversion of Sod. dichromate to Pot. dichromate : 

(i) Hot concentrated solution of Na,Cr,O, with KCI in equimolar proportion 
Na,Cr,0; + 2 KCI —9 K,Cr,O, + 2 NaCl 
Sod.dichromate Pot.dichromate 


Properties : 
Itis orange- red crystalline compound having melting point 670 K. 
Properties of K,Cr,O, : 


@) Hemed KOD, + CD, +0 
KOH 


K C0, + H0 
Гињ: Cul Н.п 
KHSO,+ СО + HO 
Н, cree. Heated. KSU g ной 
ә о, са МО, + MD 0 
^ 

am, н кі 

KOO E 


x — HGF 
na F: 
1 
p Кис. мо 
SD, 
K SO, + Cr 50,1, + HD 


KCl. H,SO, (cons | Heated 


CD, C, + KHSO, +H O 
(ii) Chromyl Chloride Test : 
(a) This is the test of Chlonde 
K,Cr,0, + 2H,SO,———> 2 KHSO, + 2CrO, + H,O 
NaCl + H,SO, ———» NaHSO, + HCI] х 4 
CrO, + 2HCI ———» СгО,СІ, + Н,0] х 2 


K,Cr,0, + 6H,SO, + 4NaCl> 2 KHSO, + 4 NaHSO, + 2CrO,CI, + 3H,O 
Chromyl chloride 
(b . WhenChromyl Chloride vapours are passed through NaOH solution, yellow coloured 
solution is obtained. 


4 NaOH + CIO;Cl, -> Na,CrO, +2 NaCl + 2H,0 
Chromyl Yellow solution 
Chloride (Sod. Chromate) 


(iii) Action with HCI: 
K,Cr,0,+ 14 НСІ 2 KCI + 2CrCl, + 7H,O + ЗСІ, 7 
Chlorine 
(iv) Oxidising character : 
(A) — Thedichromates act. as powerful oxidizing agent in acidic medium. 
K,Cr,0,+ 4 HSO, + K,SO, + Сг, (SO,), +4 H,O + 3 [0] 
Nascent oxygen 
(B) _Intermof electronic concept, the Cr,O.?- ion take up electron in Acidic medium and 
hence acts as an oxidizing agent 
Cr,0,* + 14 H* + бе 5 2Cr* + 7H,O 
(+ 6) (+3) 


Note : Both Na,Cr,O, & K,Cr,O, are oxidizing agents but K,Cr,O, is preferred since it is not 


hygroscopic and can be used as primary standard. 
(C) Some oxidizing reactions of K,Cr,O, аге: 
(a) It liberate L from КІ 
K;Cr,O, + 4H,SO, —> K,SO, + Cr, ( 50,), +4 HO + 30 
2 KI + HSO, +0 > KSO, + H,O +1, ] х 3 
К, Cr,0, +6 KI + 7H,SO, > 4 K,SO, + Сг,(50,), + 7 H,O + 31, (Iodine) 


or Cr,0,7 + 14 H* + 61° + бе” 5 2 Сг? + 7H,0 + 3 1, + 6e 
CrO; + 14H* + 617» 2Cr** + 31, + 7H,O 


(b) It oxidises ferrous salts to ferric salts. 
K,Cr,0, + 4H,SO, -› K,SO, + Cr, (SO,), + 4H,0+ 3(0) 
2 FeSO, + H,SO, + О 5 Ее,(50,); + H,O ] x3 


K,Cr,0, + 7H,SO, + 6FeSO, ~» 3Fe(SO,),+ K,SO, + Cr,(SO,), + 79,0 
or 6Fe?* + Сг,0,2- + 14 H* > 6Fe** + 2CP* + 7H,0 
(с) It oxidises hydrogen sulphide to sulphur 
K,Cr,0, + 4H,SO, — К,50, + Сг.(50,), + 4H,O + 3 [О] 
H,S +O +H,0+S]*3 


K,Cr,0, + 4H,SO, + Н,5 > K,SO, + Cr,(SO,), + 35 +7H,O 
Sulphur 
or Н,5 + Сг,0,2- + 8H* 2 2Cr* + 3S + 7Н,О 
(4) Itoxidises sulphites to sulphates 
K,Cr,0, + 4H,SO, - K,SO, + Cr, (SO), + 4H,O + 3(0) 
Na,SO, + О 2 Na,SO,]x 3 


3 Na,SO, + K,Cr,O, + 4H,SO, — K,SO, + Cr, (SO,), + 3Na,SO, + 4H,O 
Sod.Sulphite Sod.Sulphate 


(e 50, is oxidised to H,SO, 
K,Cr,0, + 4H,SO, > K,SO, + Cr, (SO,), + 4H,O + 3[0] 
SO,* (О) + H,O + H,SO,]x 3 


K,Cr,0, + H,SO, + 3S0, > K,SO, + Cr,(SO,), + HO 

or Сг,0,2- + 350, + 2H* + 2CP* + 3S0, +H,O 

Note : 
K,Cr,0,+ H,SO, + 3SO, > K,SO, + Cr,(SO,), + H,O 
K,SO,. Cr, (SO,),. 24H,O 
(Chrome alum) 

(f) Similarly, it oxidises, chlorides to chlorine, nitrites to nitrates, arsenites to arsenates 
thiosulphate to sulphate and sulphur (S,0,?- +O -› SO ?- +S), HBrto Br,, 
HI to I. 

(g) Itoxidises ethyl alcohol to acetaldehyde and acetic acid 
K,Cr,0, + 4H,SO, > K,SO, + Cr,(SO,), + 4Н,0 + 3 [0] 
CH,CH,OH + [O] 2 CH,CHO + H,O 
Ethyl Alcohol 
CH,CHO + O  СН,СООН 
Acetaldehyde 


Structure of Chromate and dichromate ions : 


о Oo ($) 
D 
І > T 
x, - o I So I `o- 
о O o 
Chromute un 


Dictrumate ron 
Uses : Potassium dichromate is used : 
(i) As a volumetric reagent in laboratory for the estimation of ferrous ions, iodide ions etc. 
(i) For the preparation of chrome yellow (PbCrO,), Chrome red (PbCrO,.PbO), Zinc yellow 
(ZnCrO,),Gugrets green (Сг,О,.2Н,0), chromic acid (CrO, orange), К, [CrO,] (Red brown). 
(ii) ^ Inorganic chemistry as oxidising agents. 
(iv) — Inphotography for hardening gelatine films. 


Potassium Permanganate (KMnO) : 
Preparation : Potassium Permanganate is prepared from mineral pyrolusite ( MnO,). 
The preparation involves the following steps. 
(A) Conversion of Pyrolusite ore to Potassium Manganate 
(a)  Thepyrolusite ( MnO,) is fused with caustic potash (KOH) or potassium carbonate in 
presence of air to give a green mass due to the formation of potassium manganate. 
2 MnO, + 4 KOH + О, —^—› 2K,MnO, + 2H,0 
Pot. Manganate (Green mass) 
2 MnO, + 2K,CO, + О, —*+2K,MnO, + 2CO, 
Pot. Manganate ( Green Mass) 
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(B) Oxidation of Potassium Manganate to Potassium permanganate : 

(a) The fused mass is extracted with water and the solution is green (MnO,*>). The solution 
is treated with Cl, or ozone (O,) or CO, to oxidize K,MnO, to KMnO,. 
2K,MnO, + Cl, + 2KCI + 2KMnO, 
2K,MnO, + О, + H,O 5 2KMnO, + 2KOH + О, 
2K,MnO, + 2CO, + 2K,CO, + 2МпоО, + 2KMnO, 

Purple 
(b — MnO,? can be oxidized to MnO, electrochemically at anode. 
K,MnO, = 2K*+Mn0O,> 
Atanode : MnO, —> MnO, + ет 
Green Purple 
Atcathode: 2H*+e— > 2H > Н, 
Properties : 
(A)  ltisadark violet crystalline solid having a metallic lustre. It has М.Р, 523 К. 
(B)  ltisfairly soluble in water giving a purple solution. 
(C) Action of heat 
2KMnO, —-— К,МпО, + MnO, + О, 7 
Pot.Manganate 
(D) Action of alkalies : 
4 KMnO, + 4КОН ~» 4K,MnO, + 2H;0 + 0,7 
Pot.Manganate 
(Е) Oxidising character : Potassium permanganate act as an oxidizing agent in neutral, alkaline and 


acidic solutions. 
(a) In Neutral Medium : MnO, is formed 
2KMnO, + H,O -» 2KOH + 2MnO, + 30 
MnO, + 2H,O + 3e — MnO, + 4 OH” 
+7 +4 
Important reactions of Neutral KMnO, 
(i) 2 KMnO, + 3H,S 5 2KOH + 2 MnO, + 35 +2H,O 
(ii) Itoxidises manganese sulphate to manganese dioxide. 
2KMnO, + 3MnSO, + 2H,O + 5 MnO, + K,SO, + 2H,SO, 
(ii) ^ Itoxidises sodium thiosulphate to sulphate and Sulphur 
2KMnO, + 3Na,S,0, + H,O — 2MnO, + 3Na,SO, + 2 KOH + 3S 
(b) Alkaline medium : 
() 2KMnO, + 2KOH -› K,MnO, + H,O + [0] 
2K,MnO, + 2H,0 + 2MnO, + 4KOH + 2[0] 


2KMnO, + H,O —*"*—, 2 MnO, + 2KOH + 3[0] 


Important reactions of alkaline KMnO, : 


() 


Itoxidises iodides to iodates in alkaline medium 
2KMnO, + H,O ae, 2Mn0, + 2KOH + 3(0] 
KI + 3[0] KIO, 


2KMnO, + KI + H,O — 2MnO, + 2KOH + KIO, 
2MnO,- + I + HO — 2 MnO, +10; + 20H” 
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(ii) 


Note : (a) 


(с) 


(iii) 


(iv) 


(у) 


(vi) 


Oxidises ethylene to ethylene glycol : 


CH CH; - 

Т rm 

CH, CH, - OH 
Ethylene Glycol 


In alkaline medium it is called Bayer’ s Reagent 


KMnO, + 3H,SO, > K' + MnO,' + 3HSO, + H,O* 


(Conc.) (Green) 
2KMnO, + H,SO, — Mn,O, + K,SO, * H,O 
Excess Conc. (Explosive oil) 


Acidic solution : 
2KMnO, + 3H,SO, -› K,SO, + 2MnSO, + ЗН,О + 50 
2 MnO, + 8H* + 5e-  Mn** + 4H,0 


Some of the important reactions of acidified KMnO, are 
It oxidises acidified ferrous salt to ferric salts. 


2KMnO, + 10 FeSO, + 8H,SO, — 2MnSO, + K,SO, + 5Fe,(SO,), + 8H,O 


It oxidises acidified KI to 1, 
2KMn + 6K,SO, + &Н,0 + 51, 


It oxidises H,S to Sulphur 
2KMnO, + 3H,SO, + 5H,S + 2MnSO, + K,SO, + 8H,O + 55. 


It oxidises sulphur dioxide to sulphuric acid 
2KMnO, + 550, + 29,0 + К,50, + 2MnSO, + 2H,SO, 


It oxidises nitrites to nitrates 


2KMnO, + 3H,SO, + SKNO, -» K,SO, + 2MnSO, + 5KNO, + 3H,O 


It oxidises oxalates or oxalic acid to carbon dioxide 


2KMnO, + 5C,H,O, + 3H,SO, > K,SO, + 2MnSO, + 10 CO, + 8H,O 


COMPOUNDS OF SILVER 


(1) MetallicAg 


ag. regia 


Not dissolved 
uy = No effect 
^" Moist air 


HS 
SNH „вш [4Ag + 2HS +0,—92Ag,S + 2H50] 
HSO 


HNOS | ag + 211NO;—>AgNO,+NO, + IO 
hot conc. 


Not affected dil. НСІ 


E: „Ж.Б... 
Agi Ае нун 
Hence in presence of O4. 
Ag reacts with dil. HCI 
4Ag +4ИС1+ О, —> ЗАЕС + 2150 
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In the same way in presence of O,, Ag complexes with NaCN / KCN. 
4Ag + 8KCN + 2Н,0 + О, —9 4K[Ag(CN),] + 4KOH 


AgNO, 


Prep”: already done. 
Properties: (i) Itis called as lunar caustic because in contact with skin it produces burning sensation 
like that of caustic soda with the formation of finely devided silver (black colour) 
(ii) Thermal decomposition: 
(ш) Props. of AgNO, : [Already done in basic radical] 
6AgNO, + 31, + 3H,O—>SAgl + AglO, + 6HNO, 
(excess) 


(iv) Ag,SO, _4.,2Ag+SO,+0, 


(v) A(AgNO,) — white ppt appears quickly 


я fein 
B(Na,S,0,) IU It takes time to give white ppt. 


(i) Ag,S,0,+H,O_4_, Ag,S + H,SO, 
AgCI . AgBr. Agl (but not Ag,S) are soluble in Na,S,O, forming 
[Ag(S,O,),] ? complexes 
(vi) ^ AgBr:AgNO, .. КВ: , AgBr 4+ KNO, 
Pale yellow 
ppt. 
Heating effect: 2AgNO, 212€ ,2AgNO, + О, 


2AgNO, __500С_, 24р +2№О * O, 


2 aq. rigia 
(viii) ПЕ insoluble 
AgNO, НО. Арс Ze PEL. Аш + HCI 
N 
Navy, Nao — NSO, Agi [4AgCl 42Na,CO; —> 4Agl4 4NaCH2CO,10.] 
550g 4 (солс.) 


Ag,O [2AgCI 42NaOH —> Ар,0+ 2NaCHH,0] 


RY, [== 
АрО Black 
Ag [Ag;O +C,H,,0, —> 2Ag + C,H,,CO.H] 


Ag gluconic acid 
Ag,O + HO, —> 2Ag + H,O +0, 
К,5,0, + 2AgNO, + 2H,O —> 2AgO + 2KHSO, + 2HNO, 


ss AgO supposed to be paramagnetic due to d? configuration. But actually it is diamagnetic and exists as 
Ag! [ Ав!!О,] 


2 Reaction involved in developer : 
K,Fe'(C,0,), + AgBr —> KFe™ (C40,), + Ag) + KBr 
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COMPOUNDS OF ZINC 


ZnO: It is called as phillospher's wool due to its wooly flock type appearance 
Preparation: 1] 2Zn + O, —э 2ZnO 

2] | ZnCO, —— ZnO + CO, 

3] — 2Zn(NO,), ——22Zn0 + 4NO, + O, 

4] Zn(OH), —— ZnO + H,O 


Purest ZnO : 4ZnSO, + 4Na,C О, + 3H,0 — ZnCO,:3Zn(OH), + 4Na,SO, + 3CO, 
white basic zinc 


carbonate 
A 
4ZnO + 3H,0 71+ СО, 7 
pure 
Properties: 1] ZnO(cold) = ZnO(hot) 
white yellow 
2] It is insoluble in water 


3] It sublimes at 400°C 

4] Itis amphoteric oxide 
ZnO + 2HCI—> ZnCl, + H,O 
ZnO + Н,50, —э ZnSO, + H,O 
ZnO + 2NaOH —À Na,Zn0, +H 20 

5] ZnO — Zn by Н, & С: 


ZnO +H, —““> Zn + H,O 
ZnO + C —9 Zn * CO 
6] It forms Rinmann's green with Co(NO,), 
2Co(NO,), —9 2CoO + 4NO, + О, 
CoO + ZnO ——› CoZnO, or CoO-ZnO 
Rinmann's green 


Uses: (1) As white pigment It is superior than white lead because it does not turn into black 
(2) Rinmann's green is used as green pigment 
(3) It is used as zinc ointment in medicine 


ZnCl, 
Preparation: ZnO + 2HCI — ZnCl, + H,O 


ZnCO, + 2HCI — ZnCl, +H -O + CO, панаа Za 2o 
Zn(OH), + 2HCI —»À ZnCl, + 2H,0 


Anh. ZnCl, cannot be made by heating ZnC1,:2H.O because 
ZnCl,2H,0 —— Zn(OH)CI - HCl - H,O 
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Zn(OH)Cl —^—› ZnO + HCI 
To get anh. ZnCl: Zn + Cl,—> ZnCl, 


Zn + 2HCl(dry) — ZnCl, +H, 
or Zn + HgCl, —9 ZnCl, + Hg 


Properties; — (i) Itisdeliquescent white solid (when anhydrous) 
(ii) ZnCl, * H,S —» ZnS 
"+ МОН —> Zn(OH), 255 , Na,[Zn(OH),] 
"  *NH,OH —э Zn(OH), .. 9e. , [Zn(NH,),* 
Uses: 1] Used for impregnating timber to prevent destruction by insects 
2] As dehydrating agent when anhydrous 
3] ZnO-ZnCl, used in dental filling 
ZnSO; 
Preparation: 
Zn + dil H,SO, —> ZnSO, + H, 
ZnO + dil H, SO, — ZnSO, +H, 30 
ZnCO, +dil H, 50, —— ZnSO, +H 30+ CO, 
2п5+20, —> ZnSO, 
3 parallel reaction 
ZnS +0, —э ZnO + 50, 
ZnS + 40, —> ZnSO, + 40, 
Props. 1] ZnSO,-7H,O —39-?€ ,Z7nSO,6H,O0 —7?*. , ZnS0;H,O —2?. , 7150, 
1 800°C 
5 0; + SO, + ZnO B 
Uses: 1] in eye lotion 
2] Lithophone making (ZnS * BaSO,) as white pigment 


COMPOUNDS OF COPPER 


CuO: 


Preparation: (1) CuCO,.Cu(OH), ——, 2Cu0 + H,O + CO, (Commercial process ) 
Malachite Green 
(native Cu-carbonate) 


| 
@ ^ 2Cu* 0, — 2600 & CuO + 5 0, —> 2CuO 


(ii) ^ Cu(OH), —— CuO + H,O 
(v) | 2Cu(NO,), 239€ ,2CuO + 4NO, + O, 


Properties; (1) CuO is insoluble in water 
(п) Readily dissolves in dil. acids 
СиО + H,SO, —> CuSO, + H,O 
HCI —» CuCl, 
HNO,—— Cu(NO,), 
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CuCl, : 


CuSO,: 


(11) It decomposes when, heated above 1100°C 
4CuO — 2C uO + O, 
(iv) СиО is reduced to Cu by H, or C under hot condition 
CuO + C—> Cu + CO Î 
CuO + H, — Cu+H,OT 


Preparation: CuO + 2HCl(conc.) —» CuCl, + H,O 


Cu(OH),:CuCO, + 4HCI —9 2CuCl, + 3H,O0 + CO, 


Properties: (1) It is crystallised as CuCl,-2H,O of Emerald green colour 


** 


(ii) dil. solution in water is blue in colour due to formation of 
[Cu(H,O) ,]** complex. 

(ii) ^ conc. HCl or KCl added to dil. solution of CuC L the colour changes 
into yellow, owing to the formation of [CuCl] 

(iv) Тһесопс. ад. solution is green in colour having the two complex ions in 
equilibrium 2[Cu(H,O),]CL, = [Cu(H,O),]** + [CuCl JJ +4H,0 

(v) CuCl, —> CuCl by no. of reagents 


(a) CuCl, + Cu-turnings —^—›2СиС! 

(Ь) 2CuCl, +H,SO, + H,O —9 2CuCl + 2HCI + 2H,SO, 

(с) 2CuCl, + Zn/HCI 1— > 2СиС1+ ZnCl, 

(d) CuCl, - +SnCl, —> CuCl + SnCl, 
CuF,-2H,O — light blue [ Anh. CuCl, is dark brown mass obtained 
CuCl,-2H,O0 —9 green {Бу heating CuCl,-2H,O at 150°C in presence 
CuBr, —> almost black [of HCI vap. 

150°C 


Cul, does not exist CuCl; 2H,O T 6. *2H,0 


Preparation: CuO + H,SO Ка) —> CuSO, + Н, 0 


Cu(OH), - + H,SO,(dil)—> CuSO, + *2H,0 
Cu(OH),: CuCO, + H,SO, (dil) > CuSO; +3H,0+CO, 


1 
Cu+H,SO,+ О,——› CuSO, + H,O [Commercial scale] 


(Scrap) 
Cu dil. H,SO, —9» no reaction {Cu is a below Н in electrochemical series} 


Properties: (i) Itis s eryshillised as CuSO,.5H,0 


On 
(i) ^ CuSO;5H,0 РРР cuso,3H,0 CuSO,H,O 
* eflloresence е < 
Blue — takeplaces Pale blue Bluish white 
| 230°C 
CuSO, (anh.) 
white 
wre [гс 


Cu + SO, 


сьо + so, +40, 


(iti) Revision with all others reagent 


COMPOUNDS OF IRON 
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FeSO,7H,0: 
Preparation: (i) Scrap Fe + H,SO, —> FeSO, + H,T 
(dil.) 
(ii) From Kipp's waste 
FeS + H,SO (dil) —> FeSO, + H,ST 
7 
(ii) FeS,+2H,O+ 2 O, — FeSO, + H,SO, 
Properties: (i) It undergoes aerial oxidation forming basic ferric sulphate 
4FeSO, + H,O + О, —> 4Fe(OH)SO, 
(i) FesO,7H,0 399€ , FeSO, . hi^ , pe 0) +50,+50, 
S MES anh.white remp temp. 
(ii) А9. solution is acidic due to hydrolysis 
FeSO, + 2H,O = Fe(OH), + H,SO, 
weak base 
(iv)  Itisareducing agent 
(a) Fe?* + MnO y + Н —> Fe?* + Mn™ + HO 
(b) Fe** + Cr,0,? + H* —> Fe” + Crt + HO 
(c) Аи? + Fe** —» Au + Fe” 
(d) Fe?* + НЕСІ, —> Hg,Cl,4 + Fe** 
white ppt. 
(у) И forms double salt. Example (NH,),SO,-FeSO,-6H,O 
FeO(Black): 
Prep": FeC, О, 2 Fe0 + CO + CO, 
Props: Itis stable at high temperature and on cooling slowly disproportionates 
into Fe,O, and iron 
4FeO — Fe,0, + Fe 
FeCl,: 
Prep": Fe + 2HC] —““**_» Fecl, +H, 
acurrent of НСІ ы " 
2FeCl, + Н, —*>2FeCl, + 2HCI 
Props: (i) It is deliquescent in air like FeCl, 


(ii) It is soluble in water, alcohol and ether also because it is 
sufficiently covalent in nature 
(ü) ^ Itvolatilises at about 1000°C and vapour density indicates the 
presence of Fe,Cl,. Above 1300°C density becomes normal 
(iv) — Itoxidises on heating in air 
12FeCl, + ЗО, —9 2Fe,0, + 8FeCl, 
(v) H, evolves on heating i in steam 
3FeCl, + 4H,0 —> Fe,O, + 6HCI + 
(м)  Itcanexistas different hydrated form 
FeCl,-2H,O —> colourless 
FeCl,-4H,O — pale green 
FeCl,-6H,O —> green 
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FeCl: Prep”: Anhydrous ferric chloride is prepared by heating metallic iron in a stream 
of dry chlorine gas. 


(0) FeCl, solid is almost black. It sublimes at about 300°C, giving 
a dimeric gas. 

(ii) FeCl, dissolves in both ether and water, giving solvated 
monomeric species. 

(ш) Iron (IIT) chloride is usually obtained as yellow-brown lumps of 
the hydrate FeCl,-6H,O. 

(iv) This is very soluble in water and is used both as an oxidizing 
agent, and as a mordant in dyeing. 

(v) FeCl, is also used in the manufacture of CC1,. 


Hlustration 


Q.1 


Ans. 
Sol. 


Ans. 
Sol. 


Q3 


Ans. 
Sol. 


Theions of d- block elements are mostly paramagnetic- 

(A) Because their d-orbitals are complete 

(B) Because they have mostly paired electrons 

(C) Because they have mostly unpaired electrons 

(D) Because they form coloured ions. 

IC] 

All atomic and molecular species which contains one or more unpaired electrons are paramagnetic. 
Most of the ions of transition elements have unpaired electrons. Hence they are all paramagnetic. Some 
ions of d - block elements with no unpaired electrons are Sc ?, Ti", Zn'? and Cu*!. These ions are not 
paramagnetic and they are also without colour. 


Silverjewelry can be made to retain its silvery white appearance by- 

(A) Coating the silver witha film of oxide by dipping the silver inconc. HNO, 

(B) Coating witha film of the insoluble chloride by dipping the silver in conc. HNO, 

(C) Plating with Palladium 

(D) Plating with gold 

IC] 

Silver jewelry easily gets blackened when exposed to sulphur compounds. In order to prevent this 
blackening of silver jewelry, itis coated with Pd. 


The order of stability of complexes ofion Cu**, Ni*?, Mn*? and Fe? decreases in the order- 


(A) Cut? > Ni? > Fe*? > Mn? (B) Mn?» Ni? >Cu*?> Fe? 
(C)Ni * » Cu '?» Fe'? > Mn? (D)Fe **» Ni ?» Cu? > Mn? 
[А] 


The order ofstability ofthe complexes of some of the ions carrying the same charge but differing in ionic 
radii decrease as the ionic radii increase. 

ion Cu??, Ni?, Fe? , Mn? 

lonicradii 0,69 0.78 0.83 0.91 

Thecomplexes of Cu‘? are most stable while Mn? is leaststable. 
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0.4  Theelements whichexhibit both vertical and horizontal similarities are— 
(A) Inert gas elements (B) Representative elements 
(С) Rare elements (D) Transition elements 

Ans. [0] 

Sol  ltisacharacteristicoftransitionelements. Vertical relationshipis due to similar electronic configuration 
ina gpand horizontal relationship duc to shielding effect being more predominant in last five elements in 
a period. 

Exercise 

Q.1 Transition metals and their oxides are used in industrial processes as— 
(A) Detergents (B) Insecticides (C) Catalysts (D) None 

Ans. [С] 

Q.2  Ablue solution of copper sulphate becomes darker when treated with excess of ammonia. This is 
because— 
(A) ammonia molecules replace water molecules in the solution 
(B) ammonia is stronger ligand than water 
(C) ammonia forms a stable complex ion [Cu(NH4),* with Cu?* ions 
(D) All are correct 

Ans. [0] 

О.З Ametal gives two chlorides 'A' and 'B’."A' gives black precipitate with NH,OH and 'B' gives white. 
With KI'B' gives a red precipitate, soluble in excess of KI. 'A' and 'B' are respectively ~ 
(A) HgCl, and Hg;Cl, (B) Hg,Cl, and HgCl, (C) HgCl, and HgCl. (D) None of these 

Ans. [B] 
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f -Block Elements 


(A) 


(а) 


(b) 


(с) 


They were earlier called as rare earth metals as it was believed that they exist in earth’s crust to а very 
less extent for e.g. : Pm, does not exist in the carth's crust. But this terminology is now not applicable as 
they exist in earth's crust to a sufficient extent. 


INNER TRANSITION ELEMENTS 


The elements in which the additional electron enters in (n – 2) f orbitals are called inner transition 
elements. or f-block elements. 

Position in the periodic table 

The lanthanides resemble yttrium in most of their properties. So it became necessary to accomodate all 
the fifteen elements together at one place. This has been done by placing the first element, lanthanum 
below yttrium and placing the remaining fourteen elements separately in the lower part of the periodic 
table. 

Lanthanide series (7.= 58-71) (Ce - Lu) 

Actinide series (7. = 90 - 103) (Th-Lw) 


Lanthanides (4f - block elements) 


Lanthanides are reactive elements so do not found in free state in nature. Most important minerals for 
lighter Lanthanides are - Monazite, cerites and orthite and for heavier lanthanides - Gadolinite and 
Xenotime 


Electronic configuration 
The general configuration of lanthanides may be given as 4£?-1455? 5p6549/16s? Lanthamide have outer 
three shells incomplete. 


Some properties of Lanthanoids 


[Xe] 5d', 6s? 
[Xe] 4F, 6s? ке +4 
[Xe] 4f, 6s? +3, +4 


Neodymium [Xe] 4f*, 6s? +2, +3, +4 
Promethium [Xe] 4f, 6s? +3 
Samarium [Хе] 4f*, 6s? +2, +3 
Europium [Xe] 4f, 6s? +2, +3 
Gadolinium [Xe] 40, 5d', 6s? +3 
Terbium [Xe] 4°, 6s? 43, 44 
Dysprosium [Xe] 4f", 6s? *3, +4 
Holmium [Xe] 4f", 6s? *3 
Erbium 5 [Xe] 4f", 6s? +3 
Thulium [Xe] 4f”, 6s? 

Ytterbium [Xe] 4f", 6s? 

Lutetium [Xe] 4f, 5d', 6s? 


(i) 


(ii) 
(ii) 
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It is to be noted here that filling of 4f orbitals in the atoms is not regular. A 5d electron appears in 
gadolinium (z= 64) with an outer electronic configuration of 4f" 5d! 6s? (and not 4652). This is because 
the 4f and Sd electrons are at about the same potential energy and that the atoms have a tendency to 
retain stable half filled configuration. 


On the other hand, the filling of f orbitals is regular in tripositive ions. 


After losing outer electrons, the f orbitals shrink in size and became more stable. Pm is the only synthetic 
radioactive lanthanide. 


Oxidation states 


mt eee P e o e Fe 
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() 
(ii) 


(iii) 


(iv) 


(e) 


(f) 


Oxidation states in brackets are unstable states 


The lanthanides contains two s electrons in the outermost shell, they are therefore expected to exhibit a 
characteristic oxidation state of +2. But for the lanthanides, the +3 oxidation is common. 


This corresponds to the use of two outermost electrons (652) alongwith one inner electron. The inner 
electron used is a 5d electron (in La, Gd and Lu), or one of the 4f electron if no 5d electrons present. 
All the lanthanides attains +3 oxidation state and only cerium, Praseodymium, and terbium exhibit higher 
oxidation state (+4). 

Oxidation states + 2 and +4 occur particularly when they lead to 

(i) A noble gas configuration e.g. Ce** (f°) 

(i) ^ Ahalffilled‘f* orbital e.g. Eu*, Tb**, (f?) 

(ii) ^ Acompletely filled *f* orbital e.g. Yb?* (f!4) 

Therefore, in higher oxidation state, they act as oxidising while in lower state as reducing agents. 


Magnetic properties 

In tripositive lanthanide ions the number of unpaired electrons regularly increases from lanthanum to 
Gadolinium (0 to 7) and then continuously decreases upto lutecium (7 to 0). So lanthanum and lutecium 
ions which are diamagnetic, all other tripositive lanthanide ions are Paramagnetic. 

Colour - The lanthanide ions have unpaired electrons in their 4f orbitals. Thus these ions absorbs visible 
region of light and undergo f-f transition and hence exhibit colour. The colour exhibited depends on the 
number of unpaired electrons in the 4f orbitals. The ions often with 4f? configuration have similar colour 
to those ions having 4f!4 configuration. 

Lanthanide ions having 4f°, 4f? ,4f!^ are colourless. Lanthanide ions 4f! and 4d)? are also colourless. 


Other Properties : 

(a) Highly dense metals with high m.pts. (do not show any regular trend). 

(b) lonisation Energies - Lanthanides have fairly low ionisation energies comparable to alkaline 
earth metals. 

(c) Electro positive Character - High due to low I.P. 

(d) | Complex formation - Do not have much tendency to form complexes due to low charge density 
because of their large size. 
Lu*? is smallest in size can only form complex. 
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(В) 


(С) 


(е) 


Reducing Agent - They readily lose electrones so are good reducing agent. 

(i) In +3 oxidation states, nitrates, perchlorates and sulphates of lanthanides and actinides 
are water soluble, while their hydroxides, fluorides and carbonates are water insoluble. 

(ii) Alloys of lanthanides with Fe are called misch metals. 

(ш) La(OH), is most basic in nature while Lu(OH), least basic. 

(iv) Lanthanides form MC, type carbide with carbon, which on hydrolysis gives C,H). 


LANTHANIDE CONTRACTION 


(i) 


(ii) 


(ш) 


(iv) 


In the lanthanide series with increasing atomic number, there is a progressive decrease in the size 
from lanthanum to lutecium or from La? to Lu*?. This contraction in size is known as lanthanide 
contraction. 

The general electronic configuration of these elements is 4f°'45s?p°d® !6s2. In these elements 
the added electron enters the deep seated f-orbitals and therefore experiences considerable pull 
by the nucleus. 

Such an electron cannot add to the size of the element and also because the intervening 5s?pd! 
electronic shells, it is very little screening effect on the outermost 6s? electrons. 

Hence with increasing atomic number, the enhanced nuclear charge leads to contraction in the 
size of atoms and ions. 

The atomic volumes of europium and ytterbium are unexceptedly large. The large atomic size of 
Eu and Yb suggest weaker bonding in the solid elements. Both these elements have only two 
electrons extra than the stable configurations (half filled, Ї7, and completely filled, #4), hence they 
utilise two electrons in metallic bonding as in the case with barium. 


EFFECTS OF LANTHANIDE CONTRACTION 


() 


(ii) 


(iii) 


Close resembalace of Lanthanides :- The general decrease in the sizes of the lanthanides 
with an increase in their nuclear charges result in a small increase in their ionisation energies. 
Hence their basic and ionic nature gradually decreases from La to Lu. 

This also explains the variations in properties such as increased tendency for hydrolysis and 
formation of complex salts and decreased thermal stability. solubility of their salts. 

Similarity of yttrium with lanthanides :- The properties of yttrium are so similar to the lan- 
thanides that it is considered more a member of the lanthanide series than a congener of scan- 
dium. 

Anomalous behaviour of post-lanthanides :- The following anomalies may be observed in 
the behaviour of post-lanthanide elements. 

(a) Atomic size - The ionic radii of Zr** is about 9% more than Ti ^*. Similar trend is not 
maintained on passing from the second to third transition series. The ionic radius of Hf™, instead 
of increasing (because of inclusion of one more electronic shell). decreases (or is virtually equal 
to Zr**) asa consequence of the lanthanide contraction. 

This explains the close similarities between the members of the second and third transition series 
than between the elements of the first and second series. 

(b) lonisation potential and electronegativity :- The effect of lanthanide contraction is also 
seen in the increase in the ionisation potential values and electronegativities of the elements of the 
third transition series, contrary to the general trend. 
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Because of the lanthanide contraction, the post-lanthanide elements have stronger positive field 
and thus the electrons are held more tightly. 

The greater effective nuclear charge of the former make them more electronegative than the 
latter. 

(c) High density :- Because of lanthanide contraction the atomic sizes of the post lan- 
thanide elements become very small. consequently, the packing of atoms in their metallic crystals 
become so much compact that their densities are very high. 

The densities of the third transition series elements are almost double to those of the second 
series elements. 


(D) APPLICATION OF LANTHANIDES 


(E) 


Cerium is most useful element in the lanthanides 


(a) Ceramic application - CeO,, La,O;, Nd5,O; and Pr,P, are used as decolourizing agents for 
glasses. 

(b) CeS (m.p. - 2000°C) is used in the manufacture of a special type of crucibles and refractories. 

(c) Lanthanide compounds like cerium molybdate, cerium tungstate are used as paints and dyes. 

(d) In textile and leather industries (Ce salts). 


ACTINIDES (5f - BLOCK ELEMENTS) 


(i) The elements in which the extra electron enters 5f-orbitals of (n - 2)th main shell are known as 
actinides. 

(ii) The man.made eleven elements Мру - Lr, 9; are placed beyond uranium in the periodic table 
andare collectively called trans-uranic elements. 

(tit) Th, Paand U first three actinides are natural elements. 

(a) Electronic configuration :- 


The general configuration of actinides may be given as 5f!-14 64%, 752, 


Actinium | ae | ж [me |в 
Thorium | m | ^ ÁJl|mje. aso — — | 
Protactinium | в | 91 jmRapsr.ed.6 S| 
Uranium | u | s ајә, ва. |56 
Neptunium — | Np |  — 9 Rn SHS? SHOT 
Plutonium — | Pu | о JjmRjsz — ———— nens 


1 ^ 


Californium 


meus | | » ыб hs — 
кш [ы ш У: АИИ ЕЗИНИН 
Pei | мыз | S ыны ER 
мыз [x | m шы — pus — _ 
этиш | u | ш [шт — [o — 
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Q.1 


Ans. 


Sol. 


92 


Ans. 
Sol. 


Q3 


Ans. 
Sol. 


QA 


Ans. 
Sol. 


SOLVED EXAMPLES 


Which of the following statements is correct? 

(A) Iron belongs to third transition series of the periodic table 
(B) Iron belongs to f-block of the periodic table 

(C) Iron belongs to first transition series 

(Р) Iron belongs to group VIII of the periodic table 

IC] 


The correct statement is that iron belongs to first transition series of elements. It is called 3d series. The 
members of this series are 

Sc Ti V Cr Mn Fe Co Ni Cu Zn 

The electronic confine of Fe?* is 30° . 4s? 


Znand Hg donot show variable valency like d-block elements because- 
(A) They are soft 
(B) Theird-shells are complete 
(C) They have only two electrons in the outermost subshell 
(D) Their d-shellsare incomplete 
[B] 
Znand Hgdonotshow variable valency like d-block elements because their d-shell are complete their 
electronic confignare 
Zn? 3а! 452 
Не 4019. 552 
The variable valency is shown by those elements which have got incompletely filled'd'orbitals 


A metal ion from the first transition series has a magnetic moment (calculated) of2.83 BM. How many 
unpaired electrons are expected to be present in the ion? 

(A)1 (B)2 (C)3 (D)4 

[B] 

А metal ion fromthe first transition series has a magnetic moment (calculated) of 2.83 BM. The no. of 
unpaired electrons are expected to be present in the ion are 2 

p= Jn(n+2) = 4202) 


=2. 2 = 2 х1.414= 2.828 B.M = 2.83 B.M 


Outofthe compounds K,SO,, MgCl,, FeSO,, МСІ, and ZnO which of the following pair will show 
paramagnetism- 

(A)K,SO,,MgCl,  (B)ZnO, MgCl, (C)K,SO,,ZnCl, _ (D) FeSO, NiCl, 

[D] 

The pair which shows paramagnetism is FeSO, and NiCl,. It consist of Fe" and Ni ^? ions whichhave 
gotunpaired electrons. Theirelectronic configs. are as given below. 


Fe% Я ЕВ EE ЕЕ 
— 4 unpaired electrons 
Fe*? И [1. [1. КЕ 


Г] — 4unpaired electrons 


0.5 


Ans. 
Sol. 


Sol. 


Ans, 
Sol. 


Q.8 


Ans. 
Sol. 
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м* manun] 
—2unpaired electrons 
жт [ИЙ ТГ 


Г] — 2 unpaired electrons 


Variable valency is generally shown by- 

(A)s-block elements 

(B)p-block elements 

(C) Transition elements 

(D) Allelements in periodic table 

[C] 

Oneofthemoststriking features of the transition elements, is that they exhibit variable valency. The variable 
valency occurs to some extent in the p-block elementsalso. In this case the valency changes usually in units 
oftwo. Someexample are SnCl,, SnCl,, PCI,, PCI, etc. Butin transition elements the valency changes 


in one unit e.g Cu”, Cu'?, Fe*? , Fe”? etc. 


The common oxidation states of gold arc- 
(A) 1.2 and 3 (B)1,3 (C) 2 and 3 (D)3 ‚4 
[B] 
The common oxidation states of gold are * ] and +3. The +3 state is more stable. This is explained on 
the basis that +1 ion gets disproportionate. 
3 Au"! — Au" +2Au 


The d-block elements easily form alloys because- 

(A)Theird-block are only partly filled 

(B)Theyhave very widely differingatomic sizes. 

(C) They are very similarintheir atomic sizes 

(D) They are highly electronegative in character 

IC] 

Inthecaseofthe transitionmetalstheatomic radii have values whichare very close, that is they are of very 
similarsize. Hence the atom ofan element ina crystal lattice can easily be replaced by a metal atom of 
another transition elements. This makes metals formalloys very easily. 


Wilkinson'scatalystused as a homogenous catalyst in the hydrogenation of alkene contains- 

(A) Fe (B)Al (C)Rh (D) Co 

IC] 

Wilkinson's catalyst contains Rh. The formulais (Ph, P), RhCI. Itisusedas homogeneous catalyst inthe 
hydrogenation ofalkenes. 


Which of the following is the softest metals- 

(A) Se (B)Zn (C)Ti (D)V 

[B] 

The softest metal is Zn, while remaining all other metal are comparatively harder metals. 


Q.10 


Ans. 


Q.11 


Ans. 
Sol. 


Q.12 


Ans. 
Sol. 


In which of the following transition metal ions d-d transition is possible- 

(A)Cu* (B)Zn'? (суті? (D)Sc? 

IC] 

Thed-dtransitionis possible in Ti *3 because it has got3d configuration , hence one electron can easily 
go from one orbital to another in degenerate levels. 


Which of the following cuprous compounds is not stable- 

[D] 

The compound Cu, SO, is not stable because Cuis stabilized only in Cu? state in its compounds with 
SO ^ ions hence Cu,SO, is not stable while CuSO, is stable. 


A developer used in photography is— 


(A) A weak acid (B) A weak base 
(C) A mild reducingagent (D)Anoxidizingagent 
IC] 


A developerisa weak reducing agent, e.g., Ferrous oxalate; the parts affected by light on photographic 
plate are reduced to the maximum extent whereas part not affected by light remains unaffected. 


Saved /storage/emulated/0/Pictures/TouchShot/ 


20170809 003438 


* ane 


SOLID STATE 


SOLIDS 


Solids are characterised by the state of matter in which particles are closely packed and held together by 
strong inter molecular attractive force. 


Properties of solids 


(a) In solid state the particles are not able to move randomly. 


(b) They have definite shape and volume. 

(c) Solids have high density. 

(d) Solids have high and sharp melting point which depends on the strength or value of binding energy. 
(е) They are very low compressible. 


(f) They show very slow diffusion. 


a Can you guess which type of kinetic energy will be more dominant in solids, 


$ 


Types of Solids 


Rotational, translational or vibrational? 


Solids 


Crystalline Solids Amorphous solids 


Difference between crystalline and amorphous solids 


.| Property 
Shape 


Melting point 
Heat of fusion 


Compressibility 


Cutting witha 
Sharp edged 


tool 


Isotropy and 
Anisotropy 


Physical state 


Examples 


Crystalline solids Amorphus solids 


They have definite andregular | They do not have definite and regular 
geometrical form. geometrical form. 


They have definite melting point. | They do not have definite melting point. 
They have a definite heat of fusion.| They do not have definite heat of fusion 


They are rigid and These may be compressed to any 
incompressible. appreciable extent. 


They givecleancleavagei.e.they| They give irregular cleavage i.e. 
break into two pieces with plane |they break intotwo pieces with 
surfaces. irregular surface. 


— 


" 


Times —— 


They are anisotropic. They are isotropic. 


True solids pseudo solids and are considered as 
super cooled liquid. 
Quartz, Diamond Rubber, Plastic 


CLASSIFICATION OF CRYSTALS 


According to attractive force which hold crystal together are generally of five types and thus crystal can 
be classified into four types: 


Type of Solid |Intermolecular forces 


Brittle, hard, high Melting pont 
lon-Ion forces Insulator in solid but conductance | NaCl KCL MgCh 
fused and aqueous solution 


Mokcular forces/Dipok-Dippok | Soft, low melting point, Insulators | H;O, Brz, CO2, CH4 


Covalent bonds Hard, Very high meling point C-Diamond, SiO; 
Variable hardness and melting 
Metallic Metallic bonds point, malleable and ductile, Na, Zn, Cu, Fe 
conducting 


Classification of crystallie solids (on the basis of intermolecular forces in them) 


i 


Molecular Metallic Covalent Tonic 
Molecules as Kernels and mobile Non-metal atoms linked Positive and negative 
constituent clectrons are constituent to adjacent atoms by covalent ions are constitution 
particles particle, c.g., Fe, Cu, Ag bond are constituent particles. particles, c.g., 


They form giant molecule e.g., NaCl, MgO, ZnS, CaF, 
diamond, SiC, SiO., AIN, graphite 


Polar molecular Non-polar H-bonded 
solids molecular solids molecular solids 
e.g., HCI, Solid 50, e.g., He and Ar e.g., H,O (ісе), 
solid NH, NH,. ROH 


It is advisable that students should memories one or two examples of each 
type of crystalline solids. 


Type of Symmetry in Crystals 


a. Law of symmetry : It states that all crystals of a substance possess the same element of symmetry. 
Three important elements of symmetry are : 
1. Plane of symmetry I. Axis of symmetry HE. — Centerofs etry 
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D b. The total number of elements of a symmetry in a cubic crystal = 23 


I.  Planeof symmetry = 3 (rectangular plane of symmetry) 
+ 6 (diagonal plane of symmetry) = 9 


II. Axis of symmetry = 3 (four-fold or a tetrad axis of symmetry) 
+ 4 (three-fold or a triad axis of symmetry) 
+ 6 (two-fold or diad axis of symmetry) = 13 


III. Center of symmetry or inversion of symmetry = 1 
-. Total number of elements of symmetry ina cubic crystals = 9 + 13 + 1 = 23 


K Axis of six-fold or a hexed axis of symmetry : This type of symmetry is 
possible in hexagonal crystals and not in cubic crystals, 


STUDY OF CYRSTALS 


Crystal- A crystal is a homogenous portion of a solid substance made by regular pattern of structural 
units bonded by plane surface making definite angles with each other. 


Space lattice: - The arrangement of constituents like atom, ions and molecules in different sites in three 
dimensional space is called space lattice. 


Unit cell : - The smallest repeating unit in space lattice which when repeats over and over again, results 
in a crystal ofthe given substance called unit cell. 


Face:- The plane surface of the crystal are called faces. 
Edge:- An edge is formed by the intersection of two adjacent faces. 


Interfacial angle :- The angle between two perpendicular intersecting faces is called interfacial angles. 


CRYSTAL SYSTEM 
Bravais showed that there are only seven types of crystal system. 
These are - 
(a) Cubic (b) Tetragonal 
(c) Orthorhombic (d) Rhombohedral 
(e) Hexagonal (f) Monoclinic 
(g) Triclinic 
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ge NET 
Crystal Systems Bravais Lattice Example 
[Intercepts | Crystal Angles | 


BaSO, 

White tin, 510 , ТЮ», 
CaSO; 
Monoclinic sulphur, 
Na:SO,.10H:O 


K:Cr0; , CuSO,.5H:0, 


azbec | aszferyz90? 


|. Prmüe | a= bec |а=В=90°, y= 120° Graphic. 720, CaS 


Students should memories all the cell parameters for each type of crystal 
systems. Remembering examples for each type is not required except for 
very common substances like NaCl, Graphite etc. 


SEVEN CRYSTAL SYSTEM 


au Jg 


Simple Cubic Orthorhombic 


Tetragonal Monoclinic 
kb x arbre " а= Бс azbec 
qupeqem а=р=у=90 а=р=у=90° а=ү=90°,р = 90° 
Rhombohedral Triclinic Hexagonal Primitive 
a=bec atbec a=bee 
а= В = у = 90° ат Вежу 90° 


а= В = 90°, у= 120° 


< Although there аге only 7 crystal systems or shapes, there are 14 different crystal 
e» lattices, called Bravais Lattices. (3 different cubic types, 2 different tetragonal 


types, 4 different orthorhombic types, 2 different monoclinic types, 1 rhombohedral, 
1 hexagonal, 1 triclinic). 


Saved /storage/emulated/0/Pictures/TouchShot/ 


20170809 003532 {pa 


ane 


Primitive and Centered unit cells 


Primitive and Centered unit cells 


l 


Primitive Centered unit cells 
Constituent particles are Constituent particles are 
present only on the comers present on corner as 
of a unit cell well as on other positions 
Body-centered unit cell (bc) Face—centered unit cell (fc) End-centered unit cell(ec) 
One constituent One constituent One constituent 
particle at its body particle at the center particle at the center 
center along with of cach face along with of any two opposite faces 
at its corners at its comers along with at its corners 
4 
йа 
nma Face-centered Body-centered 
cubic cubic 
Simple Body-centered Hexagonal 
tetragonal tetragonal 
"AC 
+ 
o 
Simple Body-centered Base-centered Face-centered 
orthorhombic orthorhombic orthorhombic orthorhombic 


Simple Triclinic 


Rhombohedral Monoclinic 
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TYPES OF UNIT CELLS 


There are four types of unit cells (among the cubic system). 
(a) Simple or primitive. Particles are only at the corners of the unit cell. 


(b) Face-centered cubic unit cell. In addition to comers, particles are present at the centre of each face of the 
unit cell. 


(c)  End-face-centered cubic unit cell. A particle is present at each comer plus particles are present on the end 
faces of the unit cell. 


(d) Body-centered cubic unit cell. In addition to the particles at the corners, there is one particle in the body- 
centre of the unit cell. 


Coordination Number 


If atoms are represented by spheres, the number of spheres which are touching a particular sphere is 
called coordination number of that sphere. In ionic crystals, the coordination number may be defined 
as the number of the oppositely charged ions surrounding a particular ion. 


The number of particles per Unit Cell 

(a) Anatom at the corner is shared by 8 unit cells. Therefore, its contribution is = 1/8, 
(b) Anatom at the face is shared by 2 unit cells. Therefore. its contribution is = 1/2. 
(c) An atom present in the body is unshared. Therefore. its contribution is 1. 


AD om m . the L walk паго 
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(e) _ aprimitive orsimple cubic unit cell, the total number of particles is 1/8 x 8=1. 

(f) a face-centred cubic unit cell, the total number of particles is 1/8 x 8+ 1/2 x 6 = 4. 

(g) a body-centred cubic unit cell, the total number of particles is А x8+1=2. 

The number of atoms per unit cell are in the same ratio as the stoichiometry of the compound or the ratio 
of the number of particles A and B present per unit cell gives the formula of the compound formed 
between A and B 

Illustration 

1. A compound formed by elements X and Y crystalises in the cubic structure, where Y atoms are at the 
comers of the cube and X atoms are at the alternate faces. What is the formula of the compound? 

Sol Y atoms are at the corners of the cubic unit cell and contribution of each іѕ = 1/8. So, the total number 
of Y atoms per unit cell=8 x 1/8= 1. X atoms are onalternate faces and contribution of each = 1/2. So, 
the number of X atoms per unit cell is 2 * 1/2= 1. Hence, the formula is XY. 

2. Calculate the number of atoms in a cubic unit cell having one atom on each corner and two atoms on 
each body diagonal. 

Sol Atoms at the comer contribute 1/8 and so the total number of comer atoms per unit cell is equal to one. 
Now, there would be four body diagonals in a cube and each diagonal has 2 atoms not shared by any 
other unit cell. So, there are total 8 atoms within the body of the unit cell and the total number of atoms 
per unit cell would be nine. 

Exercise 

1. Ina solid ‘AB’ having NaCl structure atoms, occupy the corners of the unit cell. Ifall the face centred 
atoms along one of the axis are removed, then the resultant stoichiometry of the solid is- 

(A) AB, (В)А,В (C)A,B, (D)A,B, 

Ans. (C) 


Packing of Constituent Particles in Crystals 


The structure of crystalline solids is determined by the packing oftheir constituents. During formation, 
the constituent particles get closely packed together. The available space is most economically used and 
astate of maximum possible density is reached. The various modes of packing are considered by assuming 
the particles to be spherical. The arrangement should be such that the spheres should occupy maximum 
available space. 


The packing of spheres takes place as follows: 


When the spheres are placed in a horizontal row touching each other in such a way that the rows have a 
horizontal as well as vertical alignment, the spheres are found to form a square. This is called square 
close packing (Figure 1(а)) 


Figure I(a) Figure I(b) 


When the spheres are packed in such a way that the spheres in every second row are placed in the 
depressions between the spheres of the first row and in the third row the spheres are vertically aligned 
with spheres in the first row, a hexagonal close packing is obtained, since the packing of this type gives 
a hexagonal pattern. (Figure 1 (b)). 

A comparison of the two ways of packing of spheres shows that in arrangement (i) the spheres are less 
closely packed than in arrangement (ii). It has been calculated that in arrangement (i) only 78.54% of the 
available space is occupied by the spheres. In the second arrangement, 90.7% of the space is occupied. 
Thus, arrangement (ii) is more economical and, therefore, it represents a close packing of spheres. It can 
be seen that in arrangement (i) each sphere is in contact with four other spheres. 


On the other hand, in arrangement (ii), each sphere is in contact with six other similar spheres. 


Thus, arrangement (ii) represents an efficient closest packing of spheres in a layer. We can now build 
other layers over the first layer to extend the packing in three dimensions. Let us mark the spheres in the 
first layer as A. It is clear from the following figure Ща) and figure II(b) that there are two types of voids 
(hollows) in the first layer. These are marked as a and 5. 


Now, if a second layer is placed with spheres vertically aligned with those in the first layer, its voids will 
come above the voids in the first layer and this would again be an inefficient way of filling the space. 
Obviously, for the second layer, the spheres are to be placed in either of the voids. 


Figure IIa) 


All the voids are equivalent, but the spheres of the second layer may be placed either on the voids 
marked ‘a’ or on the other set of voids marked ‘b’. It may be noted that it is not possible to place 
spheres on both types of voids. 

Let us place the spheres on hollows marked ‘a’ to make the second layer which may be labelled as * B ' 
layer. Obviously, the holes marked *b’ remain unoccupied while building the second layer. The second 
layer is indicated in the following figure. 


Solid circles represent layer A 
Dotted circles represent layer B 
Figure П (>) 


Now, there are two types of voids in the second layer. These are marked as ‘сапа *d". The voids ‘ce’ (of 
the second layer) are ordinary voids which lie above the spheres of the first layer whereas voids “Г lie on 
the voids of the first layer and hence are combination of two voids, one of the first layer and second of 
the second layer. 


The ‘a’ and *5' voids of the first layer are both triangular whereas only *c' voids ofthe second layer are 
triangular. The ‘d” voids of the second layer which are a combination of two triangular voids (one each of 
first and second layer) with the vertex of one triangle upwards and the vertex of other triangle downwards. 


A simple triangular void in a crystal is surrounded by four spheres and is called a tetrahedral void or a 
hole. A double triangular void like *d" is surrounded by six spheres and is called an octahedral void. 
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(Tetrahedral void)  (Octahcdral void) 


Now, there are two ways of building a third layer. 


(i) 


(ii) 


When a third layer is placed over the second in such a way that the spheres cover the tetrahedral or *c' 
voids, a three dimensional closest packing is obtained, where the spheres in every third layer or alternate 
layers are vertically aligned. The arrangement is called АВАВ pattern or hexagonal close packing (hep). 
Mo, Mg, Zn, Cd, Be, etc. have an hep structure. 


If the third layer is placed over the second layer in such a way that the spheres cover the octahedral or 
‘d voids, a different layer *C" is formed. In this case, every fourth layer will be vertically aligned. This 
arrangement is called ABCABC..... pattern or cubic close packing (cep) Fe, Ni, Cu, Ag, Au, Pt etc. 
have a ccp structure. 

These two arrangements are depicted in figures III and IV. Both hcp and cep arrangements of packing 
are equally efficient. In these patterns, the maximum possible space (74% of the available volume) is 
occupied. Only 26% of the space remains empty. That is why these are referred to as close packings. 
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In both hep and cep, a sphere is in contact with 6 others in its own layer and three spheres in the layer 
above and three spheres in the layer below. The coordination number is 12 in both the patterns. 


HE 
Figure III. Actual view of (1) hexagonal close packing (II) Cubic close packing 


Figure IV. Simplified view of (1) Hexagonal close packing (AB AB....pattern) 

(II) Cubic close packing (ABC ABC.... pattern) 
In addition to these two types of close packings, a third type of arrangement is found in metals. It is 
body- centerd cubic packing (bec). This is found in metals like Li, Na, K, Rb, and Cs. In this packing, 
the spheres are opened up and not touching. *B’ is placed on А’. The building of third layer is exactly 
like the first. The coordination number is 8 and 68% of volume is occupied. 


Itis seen that even in closely packed spheres and most efficient arrangements, certain hollows are left 
vacant. These holes or voids are called interstitial sites. Two important interstitial sites are (a) tetrahedral 
voids and (b) octahedral voids. 
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The voids are not tetrahedral or octahedral but the arrangement around it is such that if the spheres are 
arranged in the voids, the geometric figure generated is like that. 

In the closest packed system for each sphere, there are two tetrahedral voids and only one octahedral 
void. The two tetrahedral voids are present above and below each atom and octahedral void is midway 
between two closely packed layers. 


2. In ionic crystals, it is not possible for both cations and anions to have a close packed structure due to 
their different sizes. However, it is common for the bigger ion (usually anions) alone to approach a close- 
packed structure and smaller ions to fit into voids in the structure. The radii of interstitial sites that is, the 
voids in these close-packed structures are related to the sizes of the spheres present in them. If*R’ is the 
radius of the spheres in the close-packed structures, then 
Radius (г) of tetrahedral void = 0.225 К 
Radius (г) of octahedral void = 0.414 R. 

Therefore, the limiting size of cations which can fill voids without disturbing the closest packing is for 
octahedral void = ^ = 0.414 , tetrahedral void = "2 = 0.225, and for cubic voids ^ = 0.732 
where т, = radius of cation and r, = radius of anion. 

= Ina close-packed arrangement hep or сер, the number of octahedral voids are equal to the number of 
atoms present in the close-packed arrangement and the number of tetrahedral voids are equal to 2x 
(number of octahedral voids) and consequently are equal to 2x (number of atoms). 

Illustration 

1. The packing fraction in fcc and hep structure is same. Moreover, this is the highest packing fraction ofall 
the possible unit cells with same atoms . Can you explain this ? 

Sol The arrangement of atoms in hcp is of ABABAB ... type and in case of fcc is of ABCABCABC... type. 
Both in hep and fcc, the layers are formed of same atoms in similar arrangement but the only difference 
is the placement of layers on top of each other. Hence, both have same packing fraction. 

In both the arrangement, the number of atom of same size present around the atom is maximum, i.c., 6 
So, the packing fraction is highest. 

Exercise 

1. А compound formed by elements A and B crystallizes in the cubic structure where A atoms are at the 
corners ofa cube and B atoms are at the face centres. The formula of the compound is 
(A)AB, (B)AB (C)A,B (D)A,B, 

Ans. (A) 


CALCULATION OF PACKING FRACTIONS 


(i) 


Consider a simple cubic unit cell. Suppose the edge length of the cell is a and the radius of the sphere is 
г. As the spheres are touching each other, а = 2r. 


(ii) 


(iii) 


Number of spheres per unit cell = 1/8 x 8 = 1.0 


4 
Volume of the sphere = 3 a 


Volume of the cube = а? = (2ry = 8° 
LA n 
sr 


Packing fraction = = 0.524 or 52.4 percent occupied. 


In a face-centred cubic structure. 
Spheres on the face are in contact (touching) whereas the one at corners are not touching each other, 


Therefore, AC = 4r 
Also AC = / Ав? + BC? (since ABC is right angled triangle) 


АС = Ja? +a? 


4 
АС = Уа =4r ог dini" 4 


Volume of unit cell = - (27) Er 
olume of unit сей = а? = | у>” | = 

| . 1 1 
Number of spheres in unit сей = х8+6х- =4 


Volume of 4 spheres = 4x3, лг? =! лг? 


Therefore, fracti pax R3. lk eee 
erefore, fraction occupied = 5 37 72 = 0.74 or 74% occupied. 


In a body-centred cubic structure. 
AD is the body diagonal and since the sphere at centre touches the one at corners, AD = 4r. Also 


Ар = ЧАС? « CD? 
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Since AC= J 4p? + BC? = Ja! +a? =V2a 
AD = Joa? +a? = 3a =4r 


4r 
Or a = RB or the volume of the cubic cell = a? = | 


, 1 
Number of spheres per unit cell = moved £122 
Volume of 2 sph s= 2x Snr) = 86 пој 
olume of 2 spheres = 2*>% 3 


Packing fraction = inp] ar 0.68 or 68% occupied 
g 3 345 . 70 up А 


LENGTH OF UNIT CELL AND DENSITY OF A CUBIC CRYSTAL 


The density of the crystal can be calculated if the edge size of the cubic crystal and the type of structure 


possessed by it is known. 
If the length of the unit cell is a 
volume of the unit cell = а? 


| Number of atoms in the 
Mass ofunitcell — cell x Mass of each atom 


And, density ofthe unit cell = —77——————— = 
E су "". Volume of unit cell Volume of unit cell 


ZxM 
Density (р) = a?xN 
a 


Z- Effective number of atoms in unit cell 
N = Avogadro's number 


М = Atomic mass 


Illustration 


1. Sodium has a bee structure with nearest neighbour distance 365.9 pm. Calculate its density. (Atomic 
mass of Na = 23) 

Sol. For the bcc structure, nearest neighbour distance (2r) is related to edge length (a) as 

3 
2r = Ха 

2 

2 2 
„&= - = 5.9 = 422.5 
а B x 2r 13" 365.9 — 422.5 pm 
M=23 
zxM _ 2x23 

For bee structure, z= 2 d = а? x N, = 422.5 х 10^" x 6.023x10" - 1.51 giem? 

І. In solid , oxide ions are arranged іп сср. One sixth of the tetrahedral voids are occupied by the cations 
(A) while one third of the octahedral voids are occupied by the cations (B). What is the formula of the 
compound. ? 

Sol Let, number of O^- ions be 90 
Then octahedral voids = 90 
Tetrahedral voids = 180 
Number of cations (A) = 1/6 x 180=30 
Number of cations (B) = 1/3 x 90 = 30 
^. RatioA: B: OF =30:30:90=1:1:3 
Theformulaof the compound isABO, 

Exercise 

1. An element crystallizes as face centred cubic lattice with density 5.20 g/cm? and edge length of the side 
of unit cell as 300 pm. Calculate the mass of the element which contains 3.01 х 10% atoms. 

Sol 105.65¢ 

1. A compound formed by elements X and Y, Crystallizes in the cubic structure where X is at the corners 


of the cube and Y is at the six face centre. What is the formula ofthe compound? If side length is 5 A, 
estimate the density of the solid assuming atomic weight of X and Y as 60 and 90 respectively. 


Ans. 4.38gm/cm? 


RADIUS RATIO RULES 


Following conditions must be satisfied simultaneously during the stacking of ions of different sizes in an 
ionic crystal: 

Ananion and a cation are assumed to be hard spheres always touching each other. 

Anions generally will not touch but may be close enough to be in contact with one another in a limiting 
situation. 

A cation should surround itself with as many anions as possible. Each ion tends to surround itself. with 
as many ions of opposite sign as possible to reduce the potential energy. This tendency promotes the 
formation of close-packed structures. 
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RADIUS RATIO 


Foxin Tann > Weal Feation Fanon = ideal Tomion anon < ideal 
Stable Stable Unstable 


Radius ratio for co-ordination number 3 


(Triangular Arrangement): - = 0.155 


EI 


Radius ratio for coordination number 4 
(Tetrahedral arrangement): 


gom 


Á а,” 


| ; ! Pd rt 
MER P| — =0,225 
рк сатар ЕЕ 
a "EE PIS Ue. 
Radius ratio for coordination number 6: 
(Octahedral Arrangement) E = 0.414 
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Radius ratio for coordination number 8 : 
(Body centered cubic crystal) 


о. | Ligancy Range of Configuration Structure Examples 
coordination | radius ratio type 
r* 
0.0 « R « 0.155 Linear —_ 


0225€ L.20414 Tetrahedral $ CuCl. CuBr, 
" Cul, BaS, HgS 


Octahedral MgQ, Nalir, CaS, 
MnO. KBr, CaO 
0.7325 <10 Cubic Csl, CsBr, 
* Г1Вг, NH,Br 


*r-radiusofcation; R-radius ofanion 


Illustration 


Q.1  AsolidA' В hasasodium-chloride-type close-packed structure. If the anion has a radius of 250 pm, 
what should be the radius of the cation? Can a cation C* having a radius of 180 pm be slipped into the 
tetrahedral site of the crystal A* B? 

Sol.  AsA"B- has a sodium-chloride-type packing, А? ions will be present in octahedral voids. The ideal 
radius of the cation will be equal to the radius of the octahedral void as then the cation will touch the 
anions and the arrangement will be close packed. 


Radius of octahedral void = r,, = 0.414 A. 
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Therefore, ^+ = 0.414x 250 pm = 103.4 pm 


The radius of tetrahedral site is = 0.225x r, = 0.225х 250 pm 


= 56.25 pm 
Obviously, cation С? of 180 pm dimension cannot be slipped into the tetrahedral site. 


Exercise 

1. What is the simplest forkuma of a solid whose cubic unit cell has the atom A at each corner, the atom В 
at each face centre and C atom at the body centre 
(A) ABC (B)A,BC (C)AB,C (D)ABC, 

Ans, (С) 


Effect of Temperature and Pressure on Crystal Structure 


On applying а high pressure, sodium chloride structure (6 : 6 coordination) changes to cesium chloride 
structure (8 : 8 coordination). Similarly, cesium chloride structure on heating to 760 K changes to sodium 
chloride structure. Obviously, an increase in pressure enhances the coordination number whereas an 
increase in temperature causes a reverse effect. 


Structure of Some Ionic Crystals 
Sodium Chloride (NaCl) Type AB. (Rock Salt) 


Rock salt structure 


Das [Ty- 70.524 suggests octahedral voids. 


(a) It has face-centred cubic (fcc) arrangements (also called cubic close packing сср). СГ are large and 
present at the comers and face centres whereas Na* (in octahedral holes) are present at the body centre 
and edge centre. 


(b) Since the number of octahedral holes is equal to the number of anions, the formula is NaCl. In this 
packing, each Ма` is surrounded by six Cl and each СТ is surrounded by 6 Na'*. (In this packing, there 
are six octahedral holes.) Therefore, the coordination number of Na* and CE is six, that is, this structure 
has 6 : 6 coordination. 

(c) In the unit cell, СГ are at the comers and at the face centres; therefore, the number of CI per unit cell is 


ixl ix md. 
8 ? 


Ld 
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Zinc Blende (ZnS)-Type Structure 


(a) 


(b) 


(с) 


(4) 


(с) 


Similarly, Ма* are at the body centre and edge centre. 


е 1 
Total number of Na” per unit cell= 1+ 12x 2" 4. 


Thus, there are four NaCl units per unit cell. 
Other crystals which have a similar structure are AgCl, AgBr, oxides and sulphides of alkaline earth 
metals (except BeS) and halides of K, Rb and NH,CI, NH, Brand МН Џ. 


Zinc blende structure 
г, 2« /1;2- = 0.40, that is, a tetrahedral arrangement. 
The crystal has a cubic close packing (сср) in which S?- forma face-centred cubic structure and thus are 


present at the corners and at the centre of each face, whereas Zn^* occupy the tetrahedral holes. 


For every atom or ion closely packed, there are two tetrahedral holes and only half are occupied by 
Zn** to have the formula ZnS (1 : 1 stoichiometry). Only alternate holes are occupied by Zn?" 


Each Zr?! ina tetrahedral hole is surrounded by 4 sulphide ions and each sulphide ion is surrounded by 
four Zn**. Thus, the coordination number of both ions is 4 or it has 4 : 4 coordination. 


Inaunit cell 

Out of 8 tetrahedral voids, Zn** occupy four. 
Therefore, the number of Zn^* per unit cell = 4. 
Sulphide ions occupy the comers and face centres. 


He £p m 1 1 
So, the number of sulphide ions is Bie FRE. I4. 


So, there are four ZnS units per unit cell. 


Bes, A gl, and halides of copper have a similar structure. 


Saved /storage/emulated/0/Pictures/TouchShot/ 


20170809 003703;j 


è ane 


20 


Caesium Chloride (CsCI)- Type Structure 


(a) 
(b) 


(c) 


(d) 


(e) 


° 4 jai 
о Cl 
Cesium chloride structure 


Ithas a body-centred cubic (bec) arrangement plus a hole (cubic). 


CI- forma simple cubic arrangement and occupy comers of a cube and Cs* is present in the body in 
interstitial hole. 

Each Cs* is surrounded by 8 Cl and each CF is surrounded by 8 Cs*. The coordination number is 8 : 
8. 

Inaunitcell, 


1 
the total number of Ci is xo! 


and the total number of Cs* = 1 
Therefore, there is one unit of Cs Cl per unit cell. 
Cs Br, Cs I, TI CI, TI Br, T11, and TI CN have a similar structure. 


Calcium Fluoride (CaF) (Fluorite) 


(a) 


(b) 


(c) 


(d) 


Fluorite structure 


This is also a cep or fee structure. Each Ca? is present at comers plus centre of each face. F^ occupy 
tetrahedral sites. 

Since there are two tetrahedral holes for each Ca’, there would be two F` per calcium ion. The 
stoichiometry is 1 : 2. 

Each Са?* is surrounded by 8 F- and each F (in tetrahedral hole) has 4 Ca?* around it. Therefore, the 
coordination number of Ca?* is 8 and that of F- is 4, or the coordination number of the crystal is 8 : 4. 
The unit cell has 
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(е) 


Са?" = #хт+бх- е4 


F-=8 within the body 
Therefore, there are 4 CaF, units per unit cell. 
PbF,, BaCl,, BaF ,, SrF,, SrCl,, Cd F,, and ThO, have this type of structure. 


Antifluorite Structure (Reverse of Fluorite) 


Antifluorite structure 


Examples аге Li,O, Na,O, etc. 

In this, the oxide ions form a cubic arrangement and Na" or Li’ is in tetrahedral hole. The oxide ions are 
surrounded by 8 Li* or Na* whereas each Li* or Na’ is surrounded by four oxide ions. So, the coordination 
number of Li or Na is 4 and that of oxide is 8 or it has 4: 8 coordination. 


Metals like Al, Ag, Au, Cu, Ni and Pt have a сср structure and Be, Cd, Mg, Co and Zn have a 
hep structure. 


Tilustration 


LE 
. 


The radius ofa calcium ion is 94 pm and of an oxide ion is 146 pm. Predict the crystal structure of 
calcium oxide. 


r 94 
|; io — = —— = 0.644 

Sol Theratio r^ 146 
The prediction is an octahedral arrangement of the oxide ions around the calcium ion. Because the ions 
have equal but opposite charges, there must also been an octahedral arrangement of calcium ions 
around oxide ions. Thus, we would expect a rock salt (NaCl) structure. 

Exercise 

l. Radii of A* and thatof X and Y have been given as 


- 


A*=1.00 pm 
X =1.00 pm 
Y =2.00 pm 


Assign structure of AX and AY crystals and also determine the volume of unit cells of AX and AY 
crystals. 


volume (a?) = 216 pm? 


Saved /storage/emulated/0/Pictures/TouchShot/ 
20170809 _003706.jpc 


* ma 


2. The density of CaO is 3.35 рт/стї?, The oxide crystallizes in оле of the cubic systems with an edge of 
4.80 A. How many Ca** ions and O% ions belong to each unit cell, and which type of cubic system is 
present ? 


Ans. Cubic system is FCC type. 


3. In Lil crystal, I ions from a cubical closest packed arrangement and Li* ions occupy octahedral holes. 
What is the relationship between the edge-length of the unit cells and the radii of the I ions ? Calculate 
the limiting ionic radii of Li* апа Г ifa=600 pm. 

Ans. 87.84 pm 


Noble gases (except He, which has a hep structure) have a ccp structure. 


Structure of FeO, Fe,O,, and Fe,O, 


(a) FeO. This oxide is non-stoichiometric and has a composition Fe, O (Generally *х” varying from 0.92 to 
0.97). The oxide ions form a cubic close packing. The octahedral voids are occupied by Fe** but a 
small number of Fe?* are replaced by Ее?” ions. Three Fe?* will be replaced by two Fe?* to maintain 
electrical neutrality but then what we obtain is an iron-deficient crystal. 


(b)  Fe,O,.Ifall Ее?” are replaced by Fe**, the ratio between Fe:O will be 2 : 3 (since 3 Fe?* are replaced 
by 2Fe**) and not 1 : 1. As such, we obtain Fe;O,. 


(c)  Fe,O,. This is obtained by replacing exactly two thirds of Fe?* by Fe?* (in FeO structure). The remaining 
Fe** ions and 50% of Fe>* ions occupy the octahedral voids, The remaining Fe?* ions occupy tetrahedral 
voids. 

If in the structure of Fe,O,, the Fe" ions are replaced by divalent cations such as Mg?*, Zn**, etc., the 
compounds obtained are called ferrites. In ferrites, divalent cations occupy tetrahedral voids and trivalent 
cations occupy octahedral voids. This structure is called spinel structure. 


IMPERFECTIONS IN SOLID 
Any deviation from the perfectly ordered arrangement constitutes a defect or imperfection. These defects 
sometimes called thermodynamic defects because the number of these defects depends on the temperature. 
Crystals may also possess additional defect due to the presence of impurities. Imperfection not only 
modify the properties of solids but also give rise to new properties. 


Electronic imperfection 
Generally, electrons are present in fully occupied lowest energy states. But at high temperatures, some of 
the electrons may occupy higher energy state depending upon the temperature. 
For example, in the crystals of pure Si or Ge some electrons are released thermally from the covalent 
bonds at temperature above 0 K. These electrons are free to move in the crystal and are responsible for 
electrical conductivity. This type of conduction is known as intrinsic conduction. 
The electron deficient bond formed by the release of an electron is called a hole. In the presence of 
electric field the positive holes move in a direction opposite to that of the electrons and conduct electricity. 


Atomic imperfection 
The compounds in which the number of irregularity present in the arrangement of atoms or ions are 
called- atomic imperfections. It is of two types - 


STOICHIOMETRIC DEFECTS 


(a) 


(b) 


(c) 


(a) 


Those compounds in which the number of positive and negative ions are exactly in the ratio indicated by 
their chemical formula are called stoichiometric compounds. eg NaCl (1 : 1) 

These solids show following types of defects: 

Schottky defect : This type of defect is created when same number of positive ion and negative ion are 
missing from their respective positions leaving behind a pair of holes. Schottky defect is more common 
in ionic compounds with high co-ordination number and where the size of positive and negative ions are 
almost equal. The presence of large number of schottky defects in crystal results in significant decrease 
in its density. Eg. NaCl, KCI, CsCl, KBretc. 


Interstitial Defect : This type of defect is caused due to the presence of ions in the normally vacant 
interstitial sites in the crystal. 

Frenkel Defect : This type of defect is created when an ion leaves its correct lattice site and occupies 
an interstitial site. Frenkel defects are common in ionic compounds which have low co-ordination number 
and in which there is large difference in size between positive and negative ions. Eg. ZnS, AgCI, AgBr, 
Ag etc. 


Non Stoichiometric Defect Frenkel Defect 

There are many compound in which the ratio of positive and negative ions present in the compound 
differs from that required by ideal formula ofthe compound. Such compounds are called Nonstoichiometric 
compounds. eg. VO, (Where x can vary between 0.6 to 1.3.) 

In these compounds balance of positive and negative charges is maintained by having extra electrons or 
extra positive charge. 

So, these defects are of following types: 


Metal excess defects due to anion vacancies 

A compound may have excess metal ion if a negative ion is absent from its lattice site, leaving a hole 
which is occupied by electron to maintain electrical neutrality. 

The holes occupied by electrons are called F-centres and are responsible for the colour of the compound. 
Eg. 

The excess sodium in NaCI makes the crystal appears yellow. 

Excess potassium in KCI makes it voilet. 

Excess lithium in LiCI makes it Pink. 
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(b) 


(c) 


Greater the number of F-centres greater is the intensity of colour. This type of defects are found in crystal 
which are likely to possess schottky Defects. 


Metal excess defects 
due to anion vacancies 


Metal excess defects due to interstitial cations 

It may occur if an extra positive ion is present in an interstitial site. Electrically neutrality is maintained by 
the presence of an electron in the interstitial site. 

This type of defects are exhibited by the crystals which are likely to exhibit “Frenkel defects". Eg. Yellow 
colour of ZnS. 


Metal excess defects 
due w interstitial cations 


Metal deficiency due to cation vacancies 

The non-stoichiometric compound may have metal deficiency due to the absence of a metal ion from its 
lattice site. The charge is balanced by an adjacent ion having higher positive charge. 

This type of defects are generally shown by compounds of transition metals. 
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Illustration 


1. Analysis shows that nickel oxide has the formula Ni, „О. What fractions of the nickel exist as Ni?* and 
Ni? 
Sol 98 Ni atoms are associated with 100 O atoms. Out of 98 Ni atoms, suppose Ni present as Ni™ =x 
Then Ni present as Ni™* = 98 – х 
Total charge on x Ni** and (98 — x) Ni** should be equal to total charge on 
100 О2- ions. 
Hence, 2 x x + 3 х (98 ~ х) = 100x 2 
ог 2x + 294 — 3x = 200 
"х= 94 
; ; 2 94 oy 
2. Fraction of Ni present as Ni?* = 98^ 10 = 96% 
: 100 = 4% 
Fraction of Ni** present as Ni” = gg ^ ^ — ^^» 
Exercise 
1. Calcium crystallizes in a face centred cubic unit cell with a=0.556 nm. Calculate the density if it contains. 
(i) 0.1% Frenkel defect 
(ii) 0.1% Schottky defect 
Ans. (1) 1.5463 g/cm? (ii) 1.5448 g/cm? 


PROPERTIES OF SOLIDS 


Electrical properties of solids : 


On the basis of electrical conductivity, solids are classified into three types. 
i. metals ii. semi-conductors iii. insulators 


Electrical conductivity of metals is very high and is of the order of 105 — 10* ohm! cm”. 
Electrical conductivity of solids is due to the movement of electrons and positive holes or through the 
motion of ions. 


The conduction through electrons is called n-type conduction and through positive ions is called p-type 
conduction. 
Pure ionic solids, where conduction takes place only through motion of ions, are insulators. 


The presence of defects in the crystal structure increases their conductivity. 
The solids whose conductivity lies between those of metallic conductors and insulators are called semi- 


conductors. 
Semi - conductors have conductivity which lies in the range of 10? — 10? ohm” cm. 
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The solids which do not allow the passage of electric current through them are called insulators, 
Eg: Wood, rubber, sulphur, phosphorus etc.. 


The conductivity of semi conductors and insulators is mainly due to the presence of interstitial electrons 
and positive holes in the solids due to imperfections. 


The conductivity of semi conductors and insulators increases with increase in temperature while that of 
metals decreases. 


Magnetic properties of solids : 
The substances which are weakly repelled by magnetic field are called diamagnetic substances. 
Eg : TiO,, NaCl, benzene etc.. 
Diamagnetism arises when all the electrons are paired. 
The substances which are weakly attracted by magnetic field are called paramagnetic substances. 
Atoms, ions or molecules with unpaired electrons exhibit paramagnetism. 
Paramagnetic substances lose their magnetism in the absence of magnetic field. 
Eg : TiO, VO, „СиО etc. 


The substances which are strongly attracted by magnetic field are called ferromagnetic substances. 
Ferromagnetic substances show permanent magnetism even in the absence of magnetic field. 

Eg : Iron, cobalt, nickel, CrO, etc. 

Ferromagnetism arises due to spontaneous alignment of magnetic moments in the same direction. 

Anti ferromagnetism arises due to the alignment of magnetic moments in opposite direction in a compen- 
satory manner and resulting in a zero magnetic moment. 

Eg : MnO, МпоО,. Мп,О,. 

Ferrimagnetism arises due to alignment of magnetic moments in opposite directions resulting in a net 
magnetic moment. 

Eg: Fe,O, M"Fe,O, ; (M = Mg, Cu, Zn etc.) 


Ferromagnetic and ferrimagnetic substances change into paramagnetic substances at higher tempera- 
tures due to randomisation of spins. 


Dielectric Properties : 
A dielectric is a substance in which an electric field gives rise to no net flow of electric charge. The 
electrons ina dielectric are tightly held by individual atoms. 


Due to shift in charges, dipoles are created which result into polarisation. 


The dipoles may align in an ordered manner such that there is some resultant dipole moment in the 
crystals. 


The dipoles may align in such a way that the dipole moments cancel each other and resultant dipole 
moment is Zero. 


There may be no dipoles in the crystal but only ions are present. 
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Depending upon the alignment of the dipoles, the properties of crystals are: 
i. Piezoelectricity ii. Ferroclectricity iii. Anti-ferroelectricity iv. Pyroelectricity 


Piezoelectricity : 

The crystals in which the dipoles may align in an ordered way having some dipole are referred to as 
piezoelectrics and such crystals exhibit piezoelectricity. 

Piezoelectric crystals act as mechanical-electrical transducers. 

When these crystals are subjected to a pressure or mechanical stress, electricity is produced. These 
crystals are used as pickups in record players by the application of pressure. 


Ferroelectricity : 

The solids, in which dipoles are spontaneously aligned in a particular direction, even in the absence of 
electric field, are called ferroelectric substances and the phenomenon is called ferroelectricity. 

The direction of polarisation in these substances can be changed by applying electric field. 

The examples are barium titanate (Ba TiO,), sodium potassium tartrate (Rochelle salt) and potassium 
dihydrogen phosphate (KH,PO,). 


Anti-ferroelectricity : 
If the alternate dipoles are in opposite direction, then the net dipole moment will be zero and the crystal 
is called anti-ferroelectric and the phenomenon is antiferroclectricity. 


Pyroelectricity : 


Some of the polar crystals when heated produce small electric current. This phenomenon is called 
pyroelectricity. 


Super Conducting Materials 


Super conducting materials are those which offer no resistance to the passage of electricity. Electrical 
resistance decreases with decrease in temperature and becomes almost zero near the absolute zero. 


In this state, the materials become diamagnetic and are repelled by the magnets. 
Most metals become super conducting at very low temperatures (2 - SK). 


The highest temperature at which superconductivity was known is 23K in alloys of niobium 
(c.g. Nb, Ge). 

Some organic compounds also become super conducting at temperatures below 5 K. 

Some complex metal oxides passes super conductivity at higher temperatures. 


Super conductors are used in electronics, building magnets, power transmission, levitation transportation, 
(trains which move in air without rails). 


Saved /storage/emulated/0/Pictures/TouchShot/ 


20170809-003720.| 


* ma 


SOLVED EXAMPLE 


Q.1 


Ans. 


Sol. 


Q.2 


Ans. 


Sol. 


Q.3 


Ans. 


Sol. 


Ans. 


Sol. 


Fraction of total volume occupied by atoms in a simple cube is - 


a V3x J2n л 
(А) 5 (В) > (C) -5 (D) = 
(D) 
In a simple cubic system, number of atoms a=2r 
4; 4 3 
А . |. Volume occupied by one atom _ Xd - 37 e. 
me зні Volume of unit сей a (хр 6 


Ina crystal both ions are missing from normal sites in equal number. This is an example of - 

(A) F-centres (В) Interstitial defect (С) Frenkel defect (D) Schottky defect 

(D) 

Schottky defects are arised when one positive ion and one negative ion are missing from their respective 
position leaving behind a pair of holes. These are more common in ionic compounds with high coordination 
number and having almost similar size of cations and anions. 


Xenon crystallizes in face centre cubic lattice and the edge of the unit cell is 620 PM, then the radius of 
Xenon atom is - 


(A) 219.20 PM (B) 438.5 PM (C) 265.5 PM (D) 536.94 PM 
(А) 
For fcc lattice 
4r= 2a where a = 620 PM 
1 1 
inm c = —m 4 z^ ? j 
or r 737: xa 248 x 620 PM = 219.20 PM. 
The edge length of cube is 400 PM. Its body diagonal would be - 
(A) 500 PM (B) 693 PM (C) 600 PM (D) 566 PM 
(B) 


Since in body centre cubic, the body diagonal 
= За = 3 x 400 PM = 692.82 PM or say 693 PM 


A compound alloy of gold and copper crystallizes in a cube lattice in which the gold atoms occupy the 
lattice points at the coruers of cube and copper atoms occupy the centres of each of the cube faces. The 
formula of this compound is - 

(A)AuCu (B) AuCu, (C)AuCu, (D) None 

(C) 

One-eighth of each corner atom (Au) and one half of each face centered atom (Cu) are contained with 
in the unit cell of the compound. 


1 
Thus, the number of Au atoms per unit cell ^ 8 x 8^ | and 


the number of Cu atoms per unit cell ^6 x р 73. The formula of the compound is AuCu,. 


Ans. 
Sol. 


Sol. 


Q.9 


Sol. 


Lithium borohydride (LiBH,), crystallises in a orthorhombic system with 4 molecules per unit cell. 
The unit cell dimensions are : a = 6.81 A, b = 4.43 А, c = 717À. If the molar mass of LiBH, is 
21.76 g mol! . The density of the crystal is - 
(A).668 g cm? (В) .585 g cm? (C) 1.23 g cm? (D) None 
(A) 
We know that, 

ZM 4x(21.76gmol ') 


ER e AR eoornnLKC———————— — 2 __. -3 
P= Nv ^ (6023x102 mol *)(6.81x4.43x7.17x10 ^om?) “© 0.608291 


The unit cell of a metallic element of atomic mass 108 gm/mole and density 10.5 g/cm? is a cube with 
edge length of 409 pm. The structure of the crystal lattice is - 
(A) fcc (B) bec (C) һер (D) None 
(A) 
Z«M 
P^ маз 
Here, М = 108, №, = 6.023 x 1023 
Put on these values and solving we get - 
a= 409 pm = 4.09 x 10-5cm, р = 10.5 g/cm? 
Z=4=number of atoms per unit cell 
So, The structure of the crystal lattice is fee. 


Copper metal has a face-centred cubic structure with the unit cell length equal to 0.361 nm. Picturing 
copper ions in contact along the face diagonal. The apparent radius of a copper ion is - 

(A) 0.128 nm (B) 1.42 nm (С) 3.22 nm (D) 4.22 nm 

(A) 


Fora face-centred cube, we have 


Radius = 


уж = V2x 0.361 (у 128 nm. 


4 


The unit cell cube length for LiCl (NaCI structure) is 5.14 A. Assuming anion-anion contact, calculate 
the ionic radius for chloride ion. 
Ina face centred cubic lattice, anions touch each other along the face diagonal of the cube. 


dri = J2xa 


[5 
ta- =— xa cr 
| p 
i? 
== x5.14 = 1.82 а 
i `1 
Altematively E 257A - 


= 5.14 
Distance between Li*and CI ion = = СЕК 2.57A 
This distance between two chloride ions = ,/(2.57) + (2.57) =3 
Au 353 -1.82À 


Q.10 


Sol. 


Q.11 


Sol. 


Q.12 


Sol. 


The density of potassium bromide crystal is 2.75 gm/cm? and the length of an edge of unit cell is 654 pm. 
The unit cell of KBr is one of the three types of cubic unit cells. How many of formula units of KBrare 
there in a unit cell ? Does the unit cell have a NaCl or LiCl structure ? 


ZxM 


o N, xa? 


dxa’ xN, 
= B 


_ 2.75x(654x10"") x 6.02310" 


119 
= 3.89 =4 
Number of formula units = 4 
It is NaCl type crystal (FCC) 


A metal (atomic mass = 50) has a body centre cubic crystal structure. The density of the metal is 5.96 g/ 
cm*. Find the volume of unit cell. (№, = 6.023 x 10° atoms mol") 


50 
/ i = і = 2 
Mass of the unit cell = mass of one atom * No. of atom present per unit cell 6023x107 x 
З : Mass 
Volume of unit cell = Density 


ie ЖИЗ ЖИЛЕ" 3 
© 6023x10? 5.96 ^ = 


The unit cell length of NaCl is observed to be 0.5627 nm by X-ray diffraction studies; the measured 
density of NaCl is 2.164 cm^. Calculate the different of observed and calculated density and calculate 
% of missing Na* and СТ ions. 

zxM 
Density (р) = 41 773 


3 
„ха 


4х58.5 
= 6,023х10х(0.5627х10`7) 
=2.1805 g/cm? 
Observed density = 2.164 g/cm’ which is less than calculated density because some ions are missing. 
Actual constant units per unit cell can be calculated as : 


,-PXN,xa! _ 2.164х6.023х10° x(0.5627x10") _ 5 ogg 


M 58.5 
Missing units = 4 — 3.969 = 0.031 
_ 0.031 
2. % missing of Na“ and СЇ = ie 100 = 0.775% 
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Q.13 
Sol. 


Q.14 


Sol. 


Q.15 


Sol. 


Compute the percentage void space per unit volume of unit cell in zinc fluoride structure. 

Since anions occupy fcc position and half of the tetrahedral voids are occupied by cations, there are 4 
anions and $ tetrahedral voids per unit cell. The fraction of volume occupied by spheres per unit volume 
of the unit cell is 


= 35 {1+(-0.225)} = 07496 For tetrahedral voids, = = 0225) 
Ve 


а 


.. Void volume = | — 0.7496 = 0.2504/unit volume of unit cell 
% void space = 25.04% 


Copper has fcc crystal structure. Assuming an atomic radius of 130 pm for copper atom (Cu = 63.54) 
(a) What is the length of unit cell of Cu ? 
(b) What is the volume of the unit cell ? 
(c) How many atoms belong to the unit cell ? 
(d) Find the density of Cu 
As we know 
nxM, 
~ Nyxa* 
(a) For FCC structure 
4r= 9 a 


a=2 JOT 
=2 /2 х 130 pm = 367.64 pm 


nxM, 


(c) ^ Volume of unit cell 2? = —(3.67 x 10-5 = 4.94 x 107? ст? 


N,xp 
(c) n=4 
4x63.54 


Ue ——. VY 3 
(d P= 603x10” x(3.67x10*) ~ 854 gm/em 


A metal crystallizes in two cubic phases, face centre cubic (fec) and body centred cubic (bec) whose unit 
cell length are 3.5 and 3.0 A respectively. Calculate the ratio of density of fcc and bec. 

nxM,, 
P= мха’ 
For FCC 
n=4,a=3.5A 

4xM, 

№, x(3.5) 


г. p{fec) = «ci 


Q.16 


Sol. 
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For bec lattice 
n=2,a=3.0A 


ТЕ... 
os N,x(3.0) 
Comparing eqs. (i) and (ii), we get 

Pug 4. 3 _ 4x3x3x3 _ 
Ue - Өз] 2x3.5x3.5x3,5 1:259 


Prove that void space in fluorite structure per unit volume of unit cell is 0.251. 
Cations form cubical closest packing and anions occupying the tetrahedral holes. 


There are 4 cations and 8 anions per unit cell. 
Here, face diagonal 


ха 
4г = 42a 

where, r* = radius of cation 
.а=2 5 г 


азо? 


Volume of unit cell = 16 ү/2(г^ J 


Fraction of volume occupied per unit volume of unit cell 


exin em" 
i.c. Packing fraction = i MP EET. 


16V2r™ 
Ip- 
= (22) 
342 r 


Here in fluorite structure, for tetrahedral hole 
Radiusofanion r- 
Radius of cation г" 


= 0.225 


9.200.225) = 
Packing fraction = 32 {1+2(0.225) | 0.749 


.. Void space = 1 — 0.749 
Void fraction = 0.251 
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SURFACE CHEMISTRY 


The phenomenon of attracting and retaining the molecules of a substance on the surface of a liquid or 
solid resulting into a higher concentration of molecules on the surface is called adsorption. The substance 
adsorbed on the surface is called adsorbate and the substance on which it is adsorbed is called adsorbent. 
The surface where the process takes place is known as interface. 


Examples : 

1. Dyes get adsorbed on cotton fibres, activated carbon, etc. 

2. Ammonia gas placed in contact with charcoal gets adsorbed on it. 

3. Oxalic acid placed in contact with activated carbon gets adsorbed on it. 


Positive and Negative Adsorption 


Positive adsorption : In case of adsorption by solids from the solutions, mostly the solute is adsorbed 
on the surface of the solid adsorbent so that the concentration of solute on the surface of the adsorbent 
is greater than in the bulk. This is known as positive adsorption. Hence when the concentration of the 
adsorbate is more on the surface of the adsorbent than in the bulk, it is known as positive adsorption. 


Negative adsorption: In some cases, the solvent from the solution may be adsorbed by the adsorbent 
so that the concentration of the solution increases than the initial concentration. This is called negative 
adsorption. Hence if the concentration of the adsorbate is less on the surface of the adsorbent than in the 
bulk, it is known as negative adsorption. 


Factors Affecting Adsorption 


1. 


2. 


Nature and surface area of the adsorbent : If the surface is polar or activated, that is, some active 
groups are present at the surface, it is favourable for adsorption. Similarly, if the surface area ofthe 
adsorbent is large, the amount of adsorption would be more. That is why finely divided substances have 
a larger adsorption power than when they are present in à compact form. 


Nature of adsorbate : Whether the adsorbent is a gas ora solute present in a solution, factors like 
structure and dimensions of the molecule and presence of some polar group affect adsorption. 


Temperature : Normally, adsorption decreases with an increase in temperature; however, it can be 
vice versa as well. 


Concentration/Pressure: At constant temperature, adsorption increases with an increase in 
concentration or pressure of the adsorbate. 


There are two main types of adsorption 


Physical adsorption/ van der Waal's adsorption/ Physisorption. When molecules are held at the surface 

by van der Waal's forces (which are weak intermolecular forces of attraction) without resulting in the 
formation of any chemical bond between the adsorbate and adsorbent, it is called physical adsorption. It 
is a reversible process. Also, a decrease in temperature increases the adsorption. 


3 


Chemical adsorption/Chemisorption. When the adsorbate molecule is held on the surface of a solid by 
forces similar to those of a chemical bond, the type of adsorption is called chemical adsorption or 
chemisorption. The heat released during chemisorption is high and the process is normally irreversible. 

Another important aspect is that physical adsorption is non-specific in nature whereas chemical adsorption 
is specific in nature and occurs when there is a tendency towards the formation of some sort of bond 


between the adsorbate and adsorbent molecule. 


COMPARISON OF PHYSI-SORPTION AND CHEMISORPTION 


Physical adsorption Chemical adsorption 


Itis caused by intermolecular van der Walls" 
forces. 

Itis not specific. 

It is reversible. 

It depends on the nature of gas. More easily 
liquefiable gases are adsorbed readily. 

Heat of adsorption is low due to weak forces. 
(4-40 kJ/mole) 

Low temperature is favourable. It decreases 
with increase of temperature. 


Temo (T) ——» 
(Ртузівсгрёоп) 


No appreciable activation energy is involved. 
High pressure is favourable. Decrease of 
pressure causes desorption. 

It depends on the surface area. It increases 
with increase of surface area. 

It forms multilayers on adsorbent surface 


under high pressure. 


Characteristics of Adsorption 
x/m, that is, amount adsorbed per gram of adsorbent (x = amount adsorbed and m= amount of adsorbent) 
depends on the chemical nature of both the adsorbent and adsorbate and also on their physical state. 
x/m depends on the equilibrium concentration or pressure of the adsorbate and temperature. 


l. 


pw 


Adsorption can be reversible or irreversible. 


It is caused by chemical bond formation. 


It is highly specific. 

It is irreversible. 

It depends on the nature of gas. Gases which form co 
pounds with the adsorbent exhibit chemi-sorption. 
Heat of adsorption is high due to strong attractive forces 
(40-400 kJ/mole) 

High temperature is favourable. It increases with increas 
of temperature. 


tropo) — 
(Chemisorption) 


High activation energy is involved. 

High pressure is favourable. Decrease of pressure do 
not cause desorption. 

It also depends on the surface area. It increases with 
increase of surface area. 

It forms unimolecular layer. 


Adsorption is generally followed by a decrease in enthalpy and entropy both. 
Adsorption can be selective and specific or non-specific. 


Thermodynamics of Adsorption : 
Adsorption is spontaneous process, so for the process AG is negative. According to Gibbs equation. 


AG = AH - TAS 


For adsorption AS (Change in entropy) is always negative because adsorption of molecules on the 
surface lowers the disorder. So, for value of AG to be negative, AH must necessarily be negative and 
| AH |» | T AS |. The process is exothermic because it involves forces of attraction between adsorbate 
and adsorbent. 


As the process of adsorption proceeds further AH becomes less and less after certain time period. 
When AH becomes equal to TAS, AG = 0 and system attains equilibrium. At equilibrium, 


Rate of adsorption = Rate of desorption 


Illustration 


| 50 mL of 1 M oxalic acid (molecular mass = 126) is shaken with 0.5 g of wood charcoal. The final 
concentration of the solution after adsorption is 0.5 M. Calculate the amount of oxalic acid adsorbed 
per gram of charcoal 

Sol Calculation of initial amount of oxalic acid in 50 mL solution. 1 M oxalic acid solution means 1 mole of 
oxalic acid (126 g) present in 1000 mL solution. 


: e Р n с 126: . 
2. 50 mL of 1 M solution will contain oxalic acid = 1000 x50-6.6 р 


Calculation of amount of oxalic acid in 50 mL solution after adsorption. Concentration of solution after 
adsorption = 0.5 M. Thus, 1000 mL of the solution contain oxalic acid = 0.5 mol = 63 g 


3 <50=3.15g 


^. S0mL ofthe solution will contain oxalic acid = 1000 


Calculation of amount adsorbed per gram 
Amount of oxalic acid adsorbed by 0.5 charcoal = 6.30 -3.15g = 3.15 g 
amount of oxalic acid adsorbed per gram of charcoal = 6.30 g 


Exercise 


1. The following data were obtained for the adsorption of CO on 3 g of charcoal at 0°C 
Pressure, P (mm) : 180 540 
Volume of gas adsorbed, x (cc) reduced to S.T.P. - 16.5 38.1 
Calculate the values of the constants k and n used in Freundlich equation. 
Ans. 0.1044 ст? g™ (when pressure is in mm) 


ADSORPTION ISOTHERMS 


A relation between x/m (amount adsorbed per unit weight of adsorbent) and the equilibrium concentration 
or pressure at a fixed temperature is called adsorption isotherm. This is experimentally obtained by 
determining х/т as a function of *c' or “р”. Two such isotherms (empirical relation) are given below. 


1. Freundlich Adsorption Isotherm : It is represented as 


x — Ж , . А 
= k C'^ or x КР!" depending on whether the adsorbate is a solution or a gas. 


(b) 
(с) 


ә 


Where x = amount of adsorbate, m = amount of adsorbent Р = presssure, К and п are constants which 
depend on the nature of the adsorbent and the gas at given temperature. 


Temperature — constant 


P= saturation pressure 


г——— 
The graph obtained gives following information about extent of adsorption. 
(a) At very low pressure : At very low pressures, the graph is nearly stright line and at these pressures. 


Х <P ог = КР 
т т 
(b) At intermediate range of pressure : At these pressures graph is curved and 


= ос P!" ог = -kP'" (probable ‘n’ value is 0.1 -0.5) 

(c) At very high pressure : The graph becomes parallel to x-axis which indicates that extent of adsorption 
is independent to the pressure i.e., 
Xp or X ok 
m m 
Langmuir adsorption isotherm : 
Another isotherm derived by Langmuir considers the formation of only a mono-molecular layer of 
adsorbate on adsorbent. It is known as Langmuir adsorption isotherm and is based on the following 
points: 
It takes place on the surface of solids till a unimolecular layer is formed. 
Adsorption is a result of condensation of adsorbate molecules on solid surface and their evaporation. 
At equilibrium, the rate of condensation becomes equal to the rate of evaporation. 
Based on these aspects, Langmuir derived the expression given below: 

x. 

m 1+Ыр 
The values of constants *a' and *b' depend upon the nature of adsorbate, nature of solid adsorbent, and 
temperature. *p' is equilibrium pressure. 
Langmuir theory has limitations. This theory of unimolecular adsorption is valid only at a low pressure 
and high temperature. As the pressure is increased or temperature is lowered, additional layers start 
forming. This leads to multilayer adsorption. 
Applications of Adsorption : 
In making gas masks : In gas masks, activated charcoal preferentially adsorbs the harmful gases like, 
CH,, CO, CI, etc. 


In decolorisation processes : for decolorisation of sugar cane juice, it is passed over activated animal 
charcoal, where colouring matter gets adsorbed on the surface of charcoal. 


3: In making moisture free atmosphere : Silica gel, alumina ects are used to remove moisture as they 


adsorb water. That is why, small packets of silica gel are kept with delicate instruments. 


4. In production of high vacuum : In an evacuated vessel, an adsorbent is added to remove small 


amounts of gases and this produces high vacuum. 


$: Chromatography : A technique used for separation of substances is based on adsorption process. 


ó. In purification of water : lons from water may be removed by ion-exchange resins and the process 
involves adsorption. 
ГА In the extraction of metals : Froth floatation process used for the concentration of ores is based on 


preferential adsorption of ore particles. 


8 Adsorption indicators : Some dyes like, cosin, fluorescein etc. get adsorbed on the surface of precipitates 


and this property serves as basis for adsorption indicators. 


Illustration 


1. Applying Freundlich adsorption isotherm, calculate the amount of acetic acid adsorbed by 1 kg of blood 
charcoal at 25°C from a 5% vinegar solution (mass/volume). Given that if the concentration is expressed 


in molarity (mol dm ?), x/m is mass of the solute adsorbed per gram of adsorbent, then К = 0.160 and n 
= 2.32. 


x 
Sol According to Freundlich adsorption isotherm, E Do Nm (i) 


% vinegar (acetic acid solution) means 5 g of acetic acid are present in 100 mL of the solution 
Molar mass of acetic acid (CH,COOH) = 60 g mol"! 


ote 9 
5g of acetic acid = 60 mol 


5 A 
1000 mL of the solution will contain acetic acid = % х 100 x 1000 = 0.837 mol. 


і.е. Concentration of the solution (C) = 0.837 mol L! 


X 20.160x (0.837) 7 
m 


X ] 
log a = log (0.160) + 232 log (0.837) = — 0.7959 + 0.435 (-0.0773) = — 0.8295 


x = Antilog (- 0.8295) = 0.1481 g (g charcoal)" 
Amount adsorbed by | kg (1000 g) of charcoal = 148.1 g 
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Exercise 


1. Consider the adsorption isotherms given on the side and interpret the variation in the extent of adsorption 
(x/m) when 


— a| 


P— 


(a) (1) temperature increases at constant pressure 
(ii) pressure increases at constant temperature 
(b Name the catalyst and the promoter used in Haber's process for manufacture of ammonia 
Ans. (a) (1) As temperature increases at constant pressure, adsorption (x/m) decreases 
(ii) As pressure increases at constant temperature, first adsorption increases upto a particular 
pressure and then it remains constant, i.c., becomes independent of pressure. 
(b) Finely divided iron is used as catalyst and molybdenum is used as promoter 


CATALYSIS 
Potassium chlorate, when heated strongly (380°C-600°C), decomposes slowly as 


2KCIO, (s) —> 2KCI (s) + 20, (g) 


However, when a small amount of manganese dioxide (MnO,) is added, the decomposition takes place 
at a considerably lower temperature range (200*C—360*C) and at a much considerable rate, The added 
MnO, remain unchanged with respect to its mass and composition. 

The systematic study of the effect of different foreign substances on the rates of chemical reactions was 
made by Berzelins, in 1835. He named these foreign substances as catalyst. 

Substances, which alter the rate of a chemical reaction and themselves remain chemically and quantita- 
tively unchanged after the reaction, are known as catalysts and the phenomenon is known as catalysis. 


CHARACTERISTICS OF CATALYTIC REACTIONS 


(i) The catalyst remains unchanged in amount and chemical composition at the end of the reaction. 
However, it may undergo considerable change in physical properties like physical state, colour ete.. 


(п) A small quantity of the catalyst is normally capable of producing the desired effect. However, in some 
reactions, the rate depends on the amount of catalyst. For example, the rate of inversion of cane sugar 
catalysed by H* ion changes with the change in H* ion concentration. 
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(iii) The catalyst is generally specific in its action. For example, the decomposition of KCIO, is catalysed 
by MnO, but not by platinum, On the other hand, MnO, can catalyse the decomposition of KCIO, but 
not KCIO, or KNO}. 


(iv) The catalyst does not initiate a reaction; it merely accelerates the reaction that is already occurring. 


(v)A catalyst does not alter the final state of equilibrium ina reversible reaction. 


TYPES OF CATALYSIS 

(а) Homogencous Catalysis : 
When the reactants and the catalyst are in the same physical state, i.e. in the same phase, it is called 
homogeneous catalysis. For example. 


(i) Lead chamber process:- In this process for the manufacture of sulphuric acid, NO (g) is used as a 
catalyst. 
2S0,(g) + O, (g) — == 280,(g) 
(ii) Inversion of cane sugar:- Inversion (hydrolysis) of sugar is catalysed by H* ions. 
С2Н,0 +90 _W_, СНО, + CoH, 20, 


Cane sugar Glucose Fructose 


(b) Heterogencous catalysis: When the catalyst and the reactants are not in the same physical state i.e. 
not in the same phase, it is called heterogeneous catalysis. for example. 


(i) Набег” process for NH, formation: 
N3(g) + 3H (g) —= > 2NH,(g) 
(ii) Hydrogenation of vegetable oils in the presence of finely divided nickel as catalyst. 


Vegetable oil (7) + H5(g) LE. Vegetable ghee (s) 


TYPES OF CATALYSTS 
(i) Positive catalyst (or catalyst):- The substance which increases the rate ofa reaction is known as 
a positive catalyst. Normally the term catalyst is used for positive catalyst. For example: 


2KCIO,(s) __ М0: 2KCI(s) + 305(g) 


N, (g)+3H (g) —Feis)_, 2МН, (g) 


(ii) Negative catalyst (or inhibitor) :- The substance which decreases the rate of chemical reaction is 
called negative catalyst or inhibitor, For example: 


Na,SO, + 1/20, __©;Н;9Н_‚ Na,SO, 
C,H,CHO + 1/20, —_Dinhenylamine_, C.H.COOH 


HPO, of Glycerol 


29,00 or Acetamide 


2H,0(/) + 0,(g) 
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(iii) Autocatalysts:- When one of the products of the reaction begins to act as a catalyst, it is called 
auto- catalyst. For example: 
CH,COOC,H, + H,O — CH,COOH + CH,OH 
(Auto- catalyst) 
In the initial stages, the reaction is slow but as soon as the products come into existence, the reaction rate 
mcreases. 


(iv) Induced catalyst:- When a chemical reaction enhances the rate of another chemical reaction, it is 
called induced catalysis. For example : 


Sodium arsenite solution is not oxidised by air. If, however, air is passed through a mixture of Na, AsO, 
and Na,SO,, both of them undergo simultaneous oxidation. The oxidation of sodium sulphite, thus 
influences the oxidation of sodium arsenite. 

NaSO, + 1/20, ә М№а,50; 


Sod. sulphite air Sod. sulphate 
Na,AsO, + 1/20, Na,AsO, 
Sod. arsenite air Sod. aresenate 


Promoters:- Those substance which do not themselves act as catalysts but their presence increases the 
activity ofa catalyst are called catalytic promoters or catalyst fora catalyst.For example: 

In the Haber process for the synthesis of ammonia, Fe is the catalyst while molybdenum (Mo) acts as a 
promoter. 


N (g) + 3H,(g)  E-MeAly , 2NH,(g) 


Catalytic Poison:- The substance whose presence decreases or destroy the activity of a catalyst is 
called catalytic poison. For example : 


Carbon monoxide or Н,5 in hydrogen gas, acts as a poison for Fe catalyst in the Haber process for 
NH,, As,O, acts as poison for Pt asbestos in contact process for H,SO,. 

N(g) * 3H) óc NE) 
THEORIES OF CATALYSIS 


It is not possible to give a uniform explanation of the mechanism of the phenomenon of catalysis, as 
catalytic reactions are of various nature. However, the following are two basic theories of catalysis. 


(i) Intermediate compound formation theory 

According to this theory, the catalyst first forms an intermediate compound with one of the reactants. 
The intermediate compound is formed with less energy consumption than needed for the actual reaction. 
The intermediate compound being unstable combines with other reactant to form the desired product 
and the catalyst is regenerated. 

Consider, a reaction of the type A + B —“+ AB which occurs in presence ofa catalyst C, may take 
place as 


(Catalyst) Intermediate 
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AC + B — AB + С 


Product Catalyst 
A 
Uncatalysed reaction 
1 Catalysted reaction 
Potential 
energy 


Eo 
————————5 
Reaction coordinate — 9 


Thus, a catalyst increases the rate of a reaction by providing a pathway whose activation 
energy is lower than the activation energy of the uncatalyzed reaction. 


Many catalytic reactions can be explained on the basis of this theory. Consider the catalytic oxidation of 
SO, to SO, in the lead chamber process(NO is taken as catalyst). This occurs as follows 

МО + О, >  2NO, 

Catalyst Intermediate 


NO, + SO, —^ SO, + NO 
Product Catalyst 
This theory explain why the catalyst remains unchanged in mass and chemical composition at the end of 
the reaction and is effective even in small quantities. 


(ii) Adsorption Theory 


This theory explains the mechanism of heterogeneous catalysis. The old point of view was that when the 
catalyst is in solid state and the reactants are in gaseous state or in solutions, the molecules of the 
reactants are adsorbed on the surface of the catalyst. The increased concentration of the reactants on the 
surface influences the rate of reaction. Adsorption being an exothermic process, the heat of adsorption is 
taken up by the surface of the catalyst, which is utilised in enhancing the chemical activity ofthe reacting 
molecules. The view does not explain the specificity ofa catalyst. 


The modem adsorption theory is the combination of intermediate compound formation theory and the 
old adsorption theory. The catalytic activity is localised on the surface ofthe catalyst. The mechanism 
involves five steps: 

(i) Diffusion of reactants to the surface of the catalyst. 

(ii) Adsorption of reactant molecules on the surface of the catalyst. 

(iii) Occurrence of chemical reaction on the catalyst surface, through formation of an intermediate. 

(iv) Desorption of reaction products away from the catalyst surface. 

(v)Diffusion of reaction products away from the catalyst surface. 


IMPORTANT FEATURES OF SOLID CATALYSIS : 


(i) Activity : The activity ofa catalyst depends upon the strength of chemisorption, The reactants must 
get adsorbed reasonably strongly on the catalyst to become active but not so strongly that they become 
immobile at the surface and do not desorb from the surface. Due to need of such behaviour in solid 
catalyst, transition metals are normally better catalyst (specially metals of group 7 to 9.) 
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(ii) Selectivity : Sometimes, the change in catayst may change the reaction product. The selectivity ofa 
catalyst is its ability to direct a reaction to yield a particular product. For example, 


(a) CO (е) + 3H; (в) —“> CH,(g) + H,O(g) 
(b) CO (g) + 2H, (е) 210-50; у CH,OH (g) 
(c) CO (в) +H, (в) —— HCHO (а) 


Can you predict the reason behind different action of different catalyst? 
) 


SHAPE -SELECTIVE CATALYSIS BY ZEOLITES: 
The catalytic reaction that depends upon the pore structure of the catalyst and the size of the reactat and 
product molecules is called shape- selective catalysis. 


Zeolites are good shape-selective catalysts because of their honey comb-like structures. They are 
microporous alumino silicates of general formula, M, ,, [AIO. ], · [SiO,]. m HO, with three dimensional 
network of silicates in which some silicon atoms are replaced by aluminium atoms giving Al-O-Si 
framework. They are found in nature as well as synthesised for catalytic selectivity. Zeolites, before using 
as catalysts, are heated in vacuum. When the trapped water molecules come out, zeolite becomes 
porous, i.e., the cavities in the cage-like structure, which were occupied by water molecules, becomes 
vacant. The size of the pores generally varies between 260 pm to 740 pm. Thus, only those molecules 
can be adsorbed in these pores whose size is small enough to enter these cavities and also leave easily. 
Zeolites are being very widely used as catalysts in petrochemical industries for cracking of hydrocarbons 
and isomerisation. An important zeolite catalyst used in petroleum industry is ZSM-5, which converts 
alcohol directly into gasoline (petrol) by dehydrating them to give a mixture of hydrocarbons. 


ENZYME CATALYSIS: 

Enzymes are complex nirtrogeneous organic compounds which are produced by living plants and ani- 
mals. They are protein molecules of high molecular masses (ranging from 15000 to 1000000 gm/mol) 
and form colloidal solutions in water. 

Enzymes are incredibly efficient catalysts. They catalyse large number of reactions, especially the natural 
processes. Most of the reactions occuring in the bodies of animals and plants to maintain the life process 
are catalysed by enzymes. This is why, enzymes are also called biochemical catalysts and the phe- 
nomenon is known as biochemical catalysis. Some of the enzyme catalysed reactions are: 


(1) Inversion of cane sugar : 
C,,H5,0,, (aq) * НО (/) — 22785, С.Н, „О, (aq) + C,H,50, (aq) 
Cane sugar Glucose Fructose 


(ii) Conversion of glucose into ethanol: 


СН О, (aq) ШЕ... c. 2C-H,OH (ад) + 2CO, (р) 
Glucose Ethanol 
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(iii) Conversion of starch into maltose: 
2 (C,H,50,), (aq) +nH,0 (2) = > nC, ,H,,0,, (aq) 
(iv) Conversion of Maltose into Glucose: 
СНО (aq) + НО (/) — =, 2C4H;50, (ад) 
(v) Decomposition of urea into ammonia and carbon dioxide : 
NH,CONH, (aq) + H,O (/) —““* 5 2NH,(g) + CO, (g) 


(vi) Conversion of milk into curd: 
The enzyme lactobacilli helps in the conversion of milk into curd. 


CHARACTERISTICS OF ENZYME CATALYSIS: 
(1) Most highly efficient : One molecule of an enzyme may transform million molecules of the reactant 
into product, per minute. 


(ii) Highly specific nature : Each enzyme is specific for a given reaction, i.e., one catalyst cannot 
catalyse more than one reaction. Forexample the enzyme urease catalyses the hydrolysis of urea only. 


(iii) Highly active at optimum temperature : The rate of an enzyme catalysed reaction becomes 
maximum at а Certain temperature called optimum temperature. For most of the enzyme, the optimum 
temperature is 298-3 10K. 


Can you predict whether our body temperature is suitable for the 
maximum catalytic activity of enzymes or not? 


(iv) Highly active at optimum pH : The rate of an enzyme catalysed reaction becomes maximum at a 
particular pH, called optimum pH. For most of the enzyme, the optimum pH is 5-7. 


(v) Influence of activators and coenzymes : It is observed that when a small non-protein (vitamin) is 
present with an enzyme, the catalystic activity of enzyme enhances considerably. Such substances are 
called co-enzymes. 

Similarly, the metal ions like Na*, Mn?*, Co**, Cu?* etc, when weakly bonded to enzyme molecules, 
increases the catalytic activity of enzymes. These metal ions are called activators, 


(vi) Influence of inhibitors and poisons : The inhibitors or poisons interact with the active functional 
groups on the enzyme surface and often reduce or completely destroy the catalytic activity of the en- 
zymes. 


MECHANISM OF ENZYME CATALYSIS: There are a large number of cavities present at the 
surface of colloidal particles of enzymes. These cavities are of characteristic shape and possess active 
groups such as - NH,, -COOH, —OH, etc. The molecules of the reactant (substrate), which have 
complementary shape, fit into these cavities just like a key fits into a lock. Due to the presence of active 
groups on the surface of catalyst, an activated complex is first formed, which then, decomposes to yield 
the products and enzyme molecules. 
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Such mechanism (key and lock model) was first proposed in 1913, by the biochemists Michaelis and 


Menten. It may be expressed kinetically as : 


Stept- I : Formation of enzyme - substrate complex : 
E * S —— ES” 


substrate 


Free enzyme Enzyme - Substrate complex 
Step - II : Decompostion of the complex 
ES! ә P 4 E 
Product Free Enzyme 


CATALYSTS IN INDUSTRY : 


Some of the important processes and their catalyst are given in below. 


Industrial process 
Preparation of O, from KCIO, (Hetero) 


Haber's process for ammonia (Hetero) 

Ostwald's process for HNO, from NH, (Hetero) 
Chamber process for H,SO, (Hetero) 

Contact process for H,SO, (Hetero) 

Deacon's process for manufacture of Cl (Hetero) 
Bosch process for H,(Hetero) 

Manufacture of vegetable ghee (Hetero) 
Hydrolysis of ester (Homo) 


Cracking of hydrocarbon (Hetero) 


COLLOIDS 


Catalyst used 
MnO, 


Fe: Mo as promoter 
Pt Gauge 

Nitric oxide (NO) gas 
У,0; 

CuCl, 
Fe,0,+Cr,0, 

Ni, Cuas promoter 
aq H,SO, 


Zeolites 


Graham classified substances into crystalloids and colloids, but this classification is not totally valid now 
as many crystalloids under certain conditions behave as colloids. 

A colloidal state of matter may be defined as a state in which the size of the particles is such that they can 
pass through filter paper but not through a vegetable or animal membrane. 
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Particle size 
Ра | 
Б> d >10°cm 10*-10 cm * 10 ст 
A suspension] colloidal solution | True solution 
Phase of colloids : 


A colloidal system is heterogeneous in character. It consists of two phases, namely a dispersed phase 
anda dispersion medium. 


(a) Dispersed Phase : It is the component present in small proportion and is just like a solute in a true 
solution. For example, in the colloidal state of sulphur in water, the former acts as a dispersed phase. 


(b) Dispersion Medium: It is normally the component present in excess and is just like a solvent in a 
solution. 


The particles of the dispersed phase are scattered in the dispersion medium in a colloidal system. 
Classification of colloids : 
Colloids can be classified in a number of ways based upon some of their important characteristics. 
(1) Physical state of Dispersed Phase & Dispersion Medium: 
Depending upon whether the dispersed phase and the dispersion medium are solids, liquids or gaseous, 
eight types of colloidal system are possible. A gas mixed with another gas forms a homogeneous mixture 
and nota colloidal system. Typical examples of various type alongwith their characteristic names are 


given in table. 


COMMON COLLOIDAL SYSTEM 


Dispersed Dispersion | Colloidal Examples 
Phase medium system 


Foam or froth 
Solid foam 
Aerosols of Liquids 
Emulsions 

Gels 


Aerosols of Solid 
Sols 


Solid sols 


Soap sols, lemonade froth, whipped cream. 
Pumice stone, styrene, foam, foam rubber. 
Fog, clouds, fine insecticide sprays. 

Milk 


Cheese, butter, boot polish, 
table jellies, curd. 


Smoke, dust 


Must paint, starch dispersed in 
water, gold sol, muddy water, inks. 


Ruby glass. some gem stones. 
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a» А colloidal system in which the dispersion medium is a liquid or gas are called sols. 
They are called hydrosols or aqua sols, if the dispersion medium is water. When the 
dispersion medium is alcohol or benzene, they are accordingly called alcohols or 
benzosol. 


p 


Colloidal systems in which the dispersion medium is a gas are called aerosols. 


Solutions can be classified into 9 types where as colloids can be classified 
into 8 can you predict the reason? 


Colloids in which the dispersion medium is a solid are called gels, e.g. cheese etc. They have a more rigid 
structure, Some colloids, such as gelatin, can behave both as a sol and a gel. At high temperature and 
low concentration of gelatin, the colloid is a hydrosol. But at low temperature and high gelatin concentration, 
the hydrosol can change into a gel. 


(2) Based on interaction or affinity of phases : On the basis of the affinity or interaction between the 
dispersed phase and the dispersion medium, the colloids may be classified into two types : 


(i) Lyophilic Colloids : The colloidal system in which the particle of dispersed phase have great affinity for 
the dispersion medium, are called lyophilic (solvent-loving) colloids, In such colloids, the dispersed phase 
does not get casily precipitated and the sols are more stable. Such colloidal systems, even if precipitated, 
may be reconverted to the colloidal state by simply agitating them with the dispersion medium. Hence 
lyophilic colloids are reversible. When the dispersion medium is water, these are called hydrophilic colloids. 
Some common examples of lyophilic colloids are gum, gelatin, starch, rubber, proteins, etc. 


(ii) Lyophobic colloids : The colloidal system in which the dispersed phase have no affinity for the dispersion 
medium are called lyophobic (solvent hating) colloids. They are easily precipitated (or coagulated) on 
the addition of small amounts of the electrolyte, by heating or by shaking. They are less stable and 
irreversible, When the dispersion medium is water, these are known as hydrophobic colloids. Examples 
of lyophobic colloids include sols of metals and their insoluble compounds like sulphides and oxides. 

ADM 

е, The essential differences between the lyophilic and lyophobic colloids аге summarised in table. 
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DIFFERENCE BETWEEN LYOPHILIC AND LYOPHOBIC SOLS 


muaa Lyophilic sols Lyophobic sols 


Charge 


Viscosity 


Surface Tension 
that 


Migration in 
electric field 
Solvation 


Visibility 
seen 


Tyndall effect 


Action of 
electrolyte 


Examples 


Reversible 


They are prepared very easily by 
shaking or warming the substance 
with dispersion medium. They do 
not required any electrolyte for 
stabilization. 

They are very stable and are not 
easily coagulated by electrolytes. 


Particles carry no or very little 
charge depending upon the pH 
ofthe medium. 


Viscosity is much higher than that 
ofthe medium. 


Surface tension is usually less than 
ofthe medium. 


The particles may or may not 
migrate in an electric field. 


Particles are heavily solvated. 


The particles cannot be seen unde 
ultra microscope. 


Less distinct. 
Large amount of electrolyte is 


required to cause coagulation. 


Mostly organic substances 
e.g. starch, gums, proteins, 
gelatin etc. 


Irreversible 


They are difficult to prepare, Special 
methods are used. Addition of stabiliser 
is essential for their stability. 


They are generally unstable and get easily 
coagulated on addition of electrolytes. 


Colloidal particles have characteristic 
charge (positive or negative) 


Viscosity is nearly the same as that of 
the medium 


Surface tension is nearly the same as that 
ofthe medium. 


The colloidal particles migrate either 
towards cathode or anode in an electric 
field. 


Particles are not solvated. 


The particles though invisible, can be 
under ultra microscope. 


More distinct. 


Small amount of electrolyte is sufficient 
to cause coagulation. 


Generally inorganic substance e.g., metal 
sols, sulphides and oxides sols. 


Based on type of particles of the dispersed phase : Depending upon the molecular size, the colloidal 
system has been classified into three classes : 


Muttimolecular colloids : The multimolecular colloidal particles consists of aggregate of atoms of 
small molecules with diameters less than 10? m or | nm. 

For example, a sol. of gold contains particles of various sizes having several atoms. A sol. of sulphur 
consists of particles containing a thousand or so S; molecules. These particles are held together by 


vander Waal's forces. These are usually lyophobic sols. 


(i) 


(ш) 
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Macromolecular colloids : The macromolecular colloidal particles themselves are large molecules. 
They have very high molecular weights varrying from thousands to millions. These substances are generally 
polymers. Naturally occurring macromolecules are such as starch, cellulose and proteins. Artificial 
macromolecules are such as polyethylene, nylon, polysyrene, dacron, synthetic rubber, plastics, etc. The 
size of these molecules are comparable to those of colloidal particles and therefore, their dispersion 
known as macromolecular colloids. Their dispersion also resemble true solutions in some respects. 


The associated colloids or miscelles : These colloids behave as normal electrolytes at low 
concentrations but colloids at higher concentrations. This is because at higher concentrations, they form 
aggregated (associated) particles called miscelles.Soap and synthetic detergents are examples of associated 
colloids. They furnish ions which may have colloidal dimensions. 


RCOONa = RCOO- + Na* 
Sod. Stearate soap (R = C)7H3s) 


The long-chain RCOO ions associates or aggregate at higher concentrations and form miscelles and 
behave as colloids. They may contain 100 or more molecules. 


Sodium stearate C,;;H;;COONa is an example of an associated colloid. In water it gives Na* and 
sterate, C,;H;;COO~ ions, These ions associate to form miscelles of colloidal size. 


Colloids which behave as normal electrolytes at low concentration, but exhibit colloidal 
properties at higher concentration due to the formation of aggregated particles called 
micelles are referred to as associated colloids. The micelles are formed by the 
association of dispersed particles above a certain concentration and certain minimum 
concentration is required for the process of aggregation to take place. The minimum 
concentration required for micelle formation is called micellisation concentration 
(CMC) and its value depends upon the nature of the dispersed phase. For soaps CMC 
is 1073 mole 171. 


Mechanism of Micelle Formation : 

Micelles are formed by surface active molecules called surfactants such as soaps and detergents. These 
molecules have lyophilic group at one end and a lyphobic group at the other end. Let us take the example 
of a soap (say sodium oleate, C,;H3;COO ^ Na’). The long hydrocarbon part of oleate radical 
(C,;H33—) is lyophobic end while СОО part is lyophilic end. When the concentration of the solution 
is below its CMC, sodium oleate behaves as a normal electrolyte and ionises to give СНз; СООТ and 
Na* ions. When the concentration exceeds CMC, the lyophobic part starts receding away from the 
solvent and tends to approach each other. However, the polar COO ends tends to interact with the 
solvent (water). This finally leads to the formation of bigger molecules having the dimensions of colloidal 
particles. Thus 100 or more oleate ions are grouped together in a spherical way keeping their hydrocarbon 
parts inside and the -COO part remains projected in water. 


COO 


A j^ 


CN 
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LIST OF SURFACTANTS AND THEIR CRITICAL MICELLE CONCENTRATION (CMC) 


Surfactant CMC (g/1) Temp.(°C) 
Anionic 

CH,(CH,),COONa 6.5 x 10! 20 

CH,(CH;),,COONa 5.6 20-70 

CH,(CH,),OSO,Na 3.0 x10! 25—50 

CH,(CH,),,OSO,Na 2.6 25-60 

CH,(CH,),C,H,SO,Na 9.8 75 

CH,(CH,), ,C,H,SO,Na 4.0 x10" 50-75 
Cationic 

CH,(CH,),NH,.HCl 8.5 25 

CH,(CH,),,NH,HCI 2.7 30-50 

CH,(CH,),N(CH,),Br 7.8 x 10! 25 

CH,(CH,), ,N(CH,),Br 5.4 25 
Non-ionic 

CH,(CH,),C,H, О, 73 25 

C, H4,0,(CC,,H4,0,), 1.1. x 10? 20 

CH4;(CH,),,COOC,.H,,O,, 7.1 x 103 50 


(ii) 


(ш) 


(iv) 


Can you observe some trend in CMC value. 


$ 


Origin of charge : Various reasons have been given regarding the original of charge on the colloidal 
particles. These are given below : 


Frictional electrification : It is believed to be frictional due to the rubbing of the dispersed phase 
particles with medium molecules. 


Dissociation of the surface molecules : It leads to electric charge on colloidal particles. For example, 
an aqucous solution of a soap (sodium palmitate) dissociates into ions. 

C,4H;,COONa = СНСОО + Na* 

sod. palmitate 
The Na’ ions pass into the solution while C};H;,;COO~ ions have a tendency to form aggregates due 
to weak attractive forces present in the hydrocarbon chains. Thus, the anions which are of colloidal size 
bear negative charge. 


Preferential adsorption of ions from solution : The charge on the colloidal particles is generally 
acquired by preferentially adsorbing positive or negative ions from the electrolyte. Thus AgCI particles 
can adsorb CI ions from chloride solutions and Ag" ions from excess Ag" ions solutions; the sol. will be 
negatively charged in the first case and positively charged in the second case. 


Capture of electron : It is from air during preparation of sol. by Bredig's arc method. 
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(vV) Dissociation of molecular electrolytes on the surface of particles : HS molecules get adsorbed 
on sulphides during precipitation. By dissociation of H;S, Н? ions are lost and colloidal particles become 


negatively charged. 


Electrical charged sols 


| S.No, Positively charged sols Negatively charged sols 


Ferric hydroxide, aluminium hydroxide Metals such as Pt, Au, Ag, Metals sulphides, 
e.g arsenius sulphide. 


Basic dyes such as methylene blue Starch, clay, silicic acid. 
Haemoglobin Acid dyes, such as eosin. 


Preparation of colloidal solutions 

(1) Preparation of lyophilic sols : The colloidal solutions of lyophilic colloids like starch, glue, gelatin etc., 
can be readily prepared by dissolving these substances in water either in clod or on warming. Solutions 
of colloidal electrolytes such as soaps and dye stuffs can also be prepared similarly. 


(2) Preparation of lyophobic sols : To get a substance in colloidal form either the substance in bulk is 
broken down into fine particles of colloidal dimension (1A to 10° A ) or increasing the size of molecular 
particles as to form larger aggregates. In some cases, a third substance as to form larger aggregates. In 
some cases, a third substance is usually added to increase the stability of the sol. These substances are 
called stabilizers. Thus, there are two ways by which the lyophobic sols can be prepared : 


(i) Dispersion methods : By splitting coarse aggregates of a substance into colloidal size. 
(ii) саатта methods : By aggregating very small particles (atoms, ions ог molecules) into colloidal 


o. |Dispersion methods Condensation methods 


Mechanical dispersion Exchange of solvents 
Electro-dispersion Change of physical state 
Ultrasonic dispersion Chemical methods : 

(1) Double decomposition 

(ii) Oxidation 

(iii) Reduction 

(iv) Hydrolysis 


Dispersion Methods 

(1) | Mechanical dispersion : Solid material is first finely ground by usual methods. It is then mixed with 
dispersion medium which gives a coarse suspension. The suspension is now introduced into the colloid 
mill. The simplest form ofcolloid mill consists of two metal discs held at a small distance apart from one 
another and capable of revolving at a very high speed (about 7000 revolutions per minute) in opposite 
directions. The particles are ground down to colloidal size and are then dispersed in the liquid . A 
stabilizer is often added to stabilize the colloidal solution. Colloidal graphite (a lubricant) and printing ink 
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(2) 


Note : 


(3) 


(4) 


"үн 


TT i Driving belt 


Disc hargel T Discharge 
Discs Metal disc 


are made by this method. Tannin is used as a stabilizer in the preparation of colloidal graphite and gum 
arabic in lamp black colloidal solution (Indian ink). 


Electro-dispersion (Bredig's arc method) : This method is suitable for the preparation of colloidal 
solutions of metals like gold, silver, platinum, etc. An arc is struck between the metal electrodes under the 
surface of water containing some stabilizing agents such as a track of KOH. The water is cooled by 
immersing the 


. Water + KOH 
Electric arc 


container in an ice bath. The intense heat of the arc vaporises some of the metal which condenses under 
cold water. 


(1) This method is not suitable when the dispersion medium is an organic liquid as considerable charring 
occurs, 
(2) This method comprises both dispersion and condensation. 


Ultrasonic dispersion : The sound waves of high frequency are usually called ultrasonic waves, These 
waves can be produced when quartz crystal discs are connected with a high frequency generator. The 
application of ultrasonic waves for the preparation of colloidal solutions was first introduced by wood 
and Loomis, in 1927. Various substances like oils, mercury, sulphur, sulphides and oxides of metals can 
be dispersed into colloidal state very easily with the help of ultrasonic waves. 


Peptization : The dispersion ofa freshly precipitated material into colloidal solution by the action of an 
electrolyte in solution is termed peptization. The electrolyte used is called a peptizing agent. 

A few examples of sols obtained by peptization are : 

(i) Freshly prepared ferric hydroxide on treatment with a small amount of ferric chloride solution at once 
forms a dark reddish brown solution. Ferric chloride acts as a peptizing agent. 

(ii) Freshly prepared stannic oxide on treatment with a small amount of dilute hydrochloric acid forms a 
stable colloidal solution of stannic oxide. 

(iii) Freshly precipitated silver chloride can be converted into a colloidal solution by a small amount of 
hydrochloric acid. 

(iv) Cadmium sulphide can be peptized with the help of hydrogen sulphide. 
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The process of peptization thus involves the adsorption of suitable ions (supplied by the electrolyte 
added—particularly a common ion) and electrically charged particles then split from the precipitate as 
colloidal particles. 


Condensation Methods 
(1) 


(2) 


(3) 


By exchange of solvents : If a solution of sulphur or phosphorus prepared in alcohol is poured into 
water, a colloidal solution of sulphur or phosphorus is obtained due to low solubility of sulphur or 
phosphorus is obtained due to low solubility in water. Thus, there are a number of substances whose 
colloidal solutions can be prepared by taking a solution of the substance in one solvent and pouring it into 
another solvent in which the substance is relatively less soluble. 


By change of physical state : Colloidal solutions of certain elements such as mercury and sulphur are 
obtained by passing their vapour through cold water containing a stabilizer (an ammonium salt or a 
citrate) 


Chemical methods : The chemical methods involve chemical reactions in a medium in which the dispersed 
phase is sparingly soluble. A condition of supersaturation is produced but the actual precipitation is 
avoided. Some familiar reactions used are : 
(a) Double decomposition : (i) Arsenious sulphide sol : A 1% solution of arsenious oxide is prepared 
is hot water. The solution is cooled, filtered and is then gradually in hot water saturated with hydrogen 
sulphide. This is continued till an intense yellow-coloured solution is obtained. Excess of HS is removed 
by bubbling hydrogen through the solution. 

Аѕ,О; + ЗН 28 


А55; + 3l 1,0 
Yellow sol 
(ii) Antimony sulphide sol : A 0.5% solution of potassium antimony tartarate is added drop by drop to 
water saturated with H-S, while H-S is being passed through the solution. Orange coloured solution of 
antimony sulphide is obtained. 

CH(OH)COOK CH(OH)COOK 

2| +3H, S — 2| 

CH(OH)COO(sbO) CH(OH)COOH + Sb,S, + 2H,O 

Orange sol 


(b) Oxidation : A colloidal solution of sulphur is obtained by passing H5O into a solution of sulphur 
dioxide. 


2Н;5+50, 2H,0 + 25 
Sulphur sol can also be obtained when H;S is bubbled through an oxidising agent (bromine water or 
nitric acid). 


(c) Reduction : Colloidal solutions of metals like gold, silver, platinum, lead, etc., can be obtained when 
their salts solutions are acted upon by reducing agents. 

2AuCh + 38nCl, ——+ 3SnCI, + Au 
Organic reducing agents such as formaldehyde, phenyl hydrazine, tannic acid, etc., can also be used. 


AgNO; + tannic acid —— —— Silver sol 
AuCl, + tannic acid ———- Gold sol 
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(d) Hydrolysis : Colloidal solutions of some salts can be prepared by hydrolysis. A colloidal solution of 
ferric hydroxide is obtained by boiling a dilute solution of ferric chloride] 


FeCl, + 3H;0 —— „Ее (он), +3HCl 


The colloidal solution of silicic acid is also obtained by hydrolysis of dilute solution of sodium silicate with 
4N hydrochloric acid which is added drop by drop with constant stirring. 


Purification of Colloidal Solution 


@ 


(ii) 


(iii) 


Colloidal solutions prepared by above methods generally contain excessive amount of electrolytes and 
some other soluble impurities. The presence of traces of electrolyte is essential for the stability of the 
colloidal solution but larger quantities coagulate it. It is, therefore, necessary to reduce the concentration 
of these soluble impurities to a requisite minimum. The process used for reducing of these impurities to a 
requisite minimum is known as purification of colloidal solution. The purification of colloidal solution is 
carried out by the following methods. 


Dialysis* : It is a process of removing a dissolved substance from a colloidal solution by means of 
diffusion through suitable membrane. Since, particles in true solution (ions or smaller molecules) can pass 
through animal membranes (bladder) or parchment paper or cellophane sheet but colloidal particles do 
not, the above can be used for dialysis. The apparatus used for this purpose is called dialyser. A bag of 
suitable membrane containing the colloidal solution is suspended in a vessel through which fresh water is 
continuously flown figure. The molecules and ions diffuse through the membrane into the outer water and 
pure colloidal solution is left behind. 


Dialysing membrane 


Electro-dialysis : Ordinarily, the process of dialysis is quite slow. It can be made faster by applying an 
electric field if the dissolved substance in the impure colloidal solution is only electrolyte, The process is 
then named electro-dialysis, The colloidal solution is placed between two electrodes while pure water is 
taken in a compartment on each side. Electrodes are fitted in the compartment as shown in figure the ions 
present in the colloidal solution migrate out to the oppositely charged electrodes. 


Dialysing membrane 


o" wm 


+ Water + Electrolyte 


2 Cathode 


Crystalloid 
Sol particle 


Ultrafiltration : Ultrafiltration is the process of separating the colloidal particles from the solvent and 
soluble solutes present in the colloidal solution by especially prepared filters, which are permeable to all 
substances except the colloidal particles. 
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Colloidal particles can pass through ordinary filter paper because the pores are too large. However, the 
pores of filter paper can be reduced in size by impregnating with collodion solution and subsequently 
hardened by soaking in formaldehyde. The usual colloidion is a4% solution of nitro-cellulose in a mixture 
of alcohol and ether. An ultrafilter paper may be prepared by soaking the filter paper in a colloidion 
solution and hardened by formaldehyde and finally drying it. Thus, by using ultrafilter paper, the colloidal 
particles are separated from rest of the materials. Ultrafiltration is a slow process. To speed up the 
process, pressure or suction is used. 


The colloidal particles left on the ultrafilter paper are then stirred with fresh dispersion medium (solvent) 
to get a pure colloidal solution. 


Properties of Colloidal Solutions : 
(1) 


Physical properties : 

(i) Heterogeneity : Colloidal solutions are heterogeneous in nature consisting of two phases viz, the 
dispersed phase and the dispersion medium. Experiments like dialysis and ultra filteration clearly indicate 
the heterogeneous character of colloidal system. Recent investigations however, shown that colloidal 
solutions are neither obviously homogeneous nor obviously heterogencous. 


(ii) Filterability : Colloidal particles readily pass through orginary filter papers. It is because the size of 
the pores ofthe filter paper is larger than that of the colloidal particles. 


(iii) Non-settling nature : Colloidal solutions are quite stable as the colloidal particles remain suspended 
in the dispersion medium indefinitely. Thus there is no effect of gravity on the colloidal particles. 


(iv) Colour : The colour ofthe colloidal solution is not always the same as the colour of the substances 
in the bulk. The colour of the colloidal solution depends upon the following factors : 

(a) Size and shape of colloidal particles. 

(b) Wavelength of the source of light. 

(c) Method of preparation of the colloidal solution. 

(d) Nature of the colloidal solution. 

(e) The way an observer receives the light, i.e., whether by reflection or by transmission. 

(f) Stability : Colloidal solutions are quite stable. Only a few solutions of larger particles may settle but 
very slowly. 


Examples : 


() 


(ii) 
(2) 


Finest gold is red in colour. As the size of particles increases, it becomes purple. 
Dilute milk gives a bluish tinge in reflected light whereas reddish tinge in transmitted light. 


Mechanical Properties : 


(a) Brownian movement : Colloids particles exhibit a ceaseless random and swarming motion. This 
kinetic activity of particles suspended in the liquid is called Brownina movement. 
Robert Brown first observed this motion with pollen grains suspended in water. 


Cause of movement : Brownian movement is due to bombardment of the dispersed particles by molecules 
of the medium. The Brownian movement (figure) depends upon the size of sol. particles. With the increase 
in the size of the particle, the chance of unequal bombardment decrease, and the Brownial movement 
too disappears. It is due to the fact that the suspension fails to exhibit this phe-nomenon. 

It should be noted that Brownian movement does not change with time but changes with temperatures. 
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(i) 


(ii) 


(ш) 


(3) 


(4) 


Importance : 
Brownian movement is a direct demonstration of the assumption that the molecules in a gas or solution 
are in a state of constant ceaseless motion. Thus it confirms kinetic theory. 


Brownian movement does not allow the colloidal particles to settle down due to gravity and thus is 
responsible for their stability. 


Brownian movement helps to calculate the Avogadro's number (Detail beyond the scope of the book). 


(b) Sedimentation : Heavier sol. particle tend to settle down very slowly under the influence of gravity. 
This phenomenon is called sedimentation. 


Optical Properties (Tyndal Effect) : 
When a strong and converging beam of light is passed through a colloidal solution, its path becomes 
visible (bluish light) when viewed at right angles to the beam of light (figure). This effect is called Tyndall 
effect. The light is observed as a bluish cone which is called Tyndall cone. 
The Tyndall effect is due to scattering of light by the colloidal particles. The scattering of light cannot be 
due to simple reflection, because the size ofthe particles is smaller than the wave, length of the visible 
light and they are unable to reflect light waves. In fact, colloidal particles first absorb light and then a part 
ofthe absorbed light is scattered from the surface of the colloidal particles as a light of shorter wavelength. 
Since maximum scattering of light takes place at right angles to the place of incident light, it becomes 
visible when seen from that direction. бе 

гуе 


Mircoscope 
Glass container 


colloidal 


Drait NN solution 


conc 


The Tyndall effect is observed under the following conditions : 

(i) The diameter of the dispersed particles must not be much smaller than the wavelength of light employed. 
(ii) The refractive indices of the dispersed phase and the dispersion medium must differ widely. This 
condition is fulfilled by lyophobic colloids. 

It is important to note that Tyndall effect is not shown by true solutions as their particles are too small to 
cause scattering. Tyndall effect has been used in devising ultramicroscope and in determining the number 
of colloidal particles in a colloidal solution. 


Electrical Properties : The two electrical properties of colloidal solutions are : 
(a) Electrophoresis or Cataphoresis and 
(b) Electro-osmosis 


(a) Electrophoresis or Cataphoresis : Ina colloidal solution, the colloidal particles are electrically 
charged and the dispersion medium has equal but opposite charge. Thus colloidal solution on the whole 
is electrically neutral. When an electric current is passed through a colloidal solution, the charged particles 
move towards the oppositely charged electrode where coagulate due to loss of charge. 
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The phenomenon involving the migration of colloidal particles under the influence of electric field towards 
the oppositively charged electrode, is called electrophoresis or cataphoresis. 

This phenomenon is used to determine the charge on the colloidal particles. For example, when a sol. of 
ferric hydroxide is taken in a U-tube and subjected to electric field, the ferric hydroxide (sol.) particles 
get accumulated near the cathode (figure). This shows that ferric hydroxide sol. particles are positively 
charged. 

The sol. particles of metals and their sulphides are found to be negatively charged while those of metal 
hydroxides are positively charged. Basic dyes such as methylene blue haemoglobin are positively charged 
while acid dyes like are negatively charged. 

(b) Electro-osmosis : The phenomenon involving the migration of the dispersion medium and not the 
colloidal particles under the influence ofan electric field is electro-osmosis. 

Take the pure solvent (dispersion medium) in two limbs of U-tube. In the lower middle portion of 
U-tube, a porous diaphragm containing the colloidal system is present which divides the U-tube in two 
sections. In each section of U-tube, an electrode is present, as shown in figure. When the electrode 
potential is applied to the electrodes, the solid phase of sol. (colloidal system) cannot move but the 
solvent (dispersion medium) moves through the porous diaphragm towards one of the electrodes. The 
direction of migration of dispersion medium due to electro-osmosis determines the charge on sol. particles 
e.g, if the dispersion medium moves towards the cathode (negative electrode), the sol. particles are also 
negatively charged because the dispersion medium is positively charged as on the whole colloidal solution 
is neutral. 


Dispersion medium 4 
томе an the direction |7 
opposite to that of sol 
particles 


(c) Coagulation : the colloidal sols are stable due to the presence of electric charges on the colloidal 
particles. Because of the electrical repulsion, the particles do not come close to one another to form 
precipitates. The removal of charge by any means will lead to the aggregation of particles and hence 
precipitation will occur immediately. 


This process by means of which the particles of the dispersed phase in a sol. are pecipitated is 
known as coagulation. 


If the coagulated particles instead of settling at the bottom of the container, float on the surface of the 
dispersion medium, the coagulation is called flocculation. 
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Most of the sols are coagulated by adding an electrolyte of opposite sign. This is due to the fact that the 
colloidal particles take up the ions of electrolyte whose charges are opposite to that on colloidal particles 
with the result that charge on the colloidal particles is neutralized. Thus coagulation takes place. For 
example, arsenius sulphide sol. (negatively charged) precipitated by adding barium chloride solution. It is 
due to the fact that the negatively charged particles of the sol. take up barium ions and get neutralized 
which lower the stability. As a result precipitation takes place. 

It is observed that different amounts of different electrolytes is required to bring coagulation of a particular 
solution. 

The minimum amount of an electrolyte required to cause precipitation of one litre of 
a colloidal solution is called coagulation value or flocculation value of the electrolyte 
for the sol. The reciprocal of coagulation value is regarded as the coagulating power. 


For example, the coagulation values of NaCl, BaCl, and AICI, for arsenic sulphide sol. are 51, 0.69 and 


T 
31° 0.69 21 0.093 


0.093 millimoles‘litre respectively. Thus their coagulating powers are i.e., 0.0196, 


1.449 and 10.75 respectively. 
The coagulation values ofa few electrolytes for negatively charged arsenic sulphide and positively charged 


ferric hydroxide sol. are given in table given below. The valency of the coagulation ion (the ion whose 
charge is opposite to that of the colloidal particles) is also give. 


COAGULATION VALUES OF DIFFERENT ELECTROLYTES 


Arsenic sulphide sol. Ferric hydroxide sol. 


Valency of | coagulation | Electrolyte | Valencyof | coagulation 
coagulating | value coagulating | value 
cation (millimoles cation (millimoles/litre) 
Лиге) 
K,SO, 63 KBr 138 


NaCl 51 KNO; 132 
KNO; 50 KCI 103 
MgSO, K;CrO, 0.320 
BaCl; K3S0, 0.215 
AIC K;Fe(Cn), 0.096 


From the above table, it is clear that the coagulating power of AD* ions in precipitating the arsenic 
sulphide sol. is approximately 550 times more than that of sodium (Na*) or potassium (К?) ions. Again, 
it is observed that the negatively charged arsenic sulphide sol. is coagulated by cations while positively 
charged ferric hydroxide sol. is coagulated by anions. 


Hardy-Schulz rules : Н. Schulze (1882) and W.B. Hardy (1900) suggested the following rules to 
discuss the effect of electrolytes of the coagulation ofthe sol. 
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(1) Only the ions carrying charge opposite to the one present on the sol. particles 
are effective to cause coagulation, e.9., the negative charged sol. is best 
coagulated by cations and a positive sol. is coagulated by anions. 

(2)  Thecharge on coagulating ion influences the coagulation of sol. 

In general, the coagulating power of the active ion increases with the valency 
of the active ion. After observing the regularities concerning the sing and 
valency of the active ion, a law was proposed by Hardy and Schulz which is 
termed as Hardy-Schulze law which is stated as follows: 


" Higher is the valency of the active ion, greater will be its power to precipitate the sol." 


Thus, coagulating power of cations is in the order of AP* > Ba™ or Mg™ > Nat or K*. 
Similarly, to coagulating the positively charged sol. the coagulating power of anion is in the order of 
[Fe(CN)g]* > PO; > SO?- > Cr 


Some other methods of coagulation : 
Apart from the addition of electrolyte, coagulation can also be carried out by following methods: 


By persistent dialysis : It has been observed that traces of electrolytes are associated with the solution 
due to which it is stable. If the solution is subjected to prolonged dialysis, the traces of electrolytes are 
removed and coagulation takes place. 

By mutual coagulation of colloids : When two sols of oppositively charges are mixed together in a 
suitable proportion, the coagulation takes place. The charge of one is neutralized by the other. For 
example, when negatively charged arsenic sulphide sol. is added to positively charged ferric hydroxide 
sol., the precipitation of both occurs simultaneously. 

By electrical method : If the electrical charge of lyophobic sol. is removed by applying any electric 
field such as in electrophoresis, they also precipitate out. 

By excessive cooling or by excessive heating. 


Colligative properties : Colloidal solutions too exhibit colligative properties such as osmotic pressure, 
lowering of vapour pressure, depression in freezing point and elevation in boiling point. But the effect of 
colloidal particles on colligative properties except osmotic pressure is very small. This is due to the large 
size of colloidal particles. The number of colloidal particles produced by a given mass of colloid is much 
less than the number produced in a molecular solution, containing the same mass of solute. Hence the 
colligative effect in colloidal solutions is too less. 


PROTECTIVE COLLOIDS : 

Lyophilic sols are more stable than the lyophobic sols. This is because, lyophilic colloids are extensively 
hydrated and these hydrated particles do not combine to form large aggregates. 

Lyophobic sols are more easily coagulated by the addition of suitable electrolyte. To avoid the precipitation 
of lyohobic sol. by the addition of electrolyte, some lyophilic colloid is added to it. Such lyophilic colloid 
is called protective colloid and the action of lyophilic colloid by the electrolytes is known as protective 
anion. The substances commonly used as protective colloids are gelating, albumin, gum arabic, casein, 
starch, glue etc. A gold sol. containing a little gelatin as protective colloid needs a very large amount of 
sodium chloride to coagulate the sol. 


Protected purticles 


Protecting 
particles 


Explanation : The particles of the protective colloid get adsorbed on the particles of the lyophobic 
colloid, thereby forming a protective layer around it (figure). The protective layer prevents the precipitating 
ions from coming in contact with the colloidal particles. 


According to a recent view, the increase in stability of the lyophobic colloid is due to the mutual adsorption 
of the lyophilic and lyophobic colloids, It is immaterial which is adsorbed on which. In fact the smaller 
particles, whether of the protective colloid or the lyophobic colloid, are adsorbed on the bigger particles. 


Gold number of a protective colloid is a minimum weight of it in milligrams which must be added to 10 ml 
ofa standard red gold sol so that no coagulation of the gold sol. (i.e. change of colour from red to blue) 
takes place when 1 ml of 10% sodium chloride solution is rapidly added to it. Obviously, smaller the 
gold number of a protective colloid, the greater is the protective action. 


Isoelectric Point of Colloid : 

The hydrogen ion concentration at which the colloidal particles are neither positively charged nor negatively 
charged (i.c. uncharged) is known as isoelectric point of the colloid. At this point lyophilic colloid is 
expected to have minimum stability because at this point particles have no charge. The isoelectric point 
of gelatin is 4.7. This indicates that at pH = 4.7, gelating has no electrophoretic motion. Below 4.7, it 
moves towards the cathode and above 4.7 it moves forwards the anode. It is not always true, e.g., silicic 
acid has been found to have maximum stability at the isoelectric point. 


Electric double layer : 

The surface ofa colloidal particle acquires a positive or a negative charge by selective adsorption of ions 
carrying +ve or— ve charges respectively. The charged layer attracts counter ions from the medium 
which forms a second layer. Thus, an electrical double layer is formed on the surface of the particles i.e., 
one due to absorbed ions and the other due to oppositely charged ions forming a diffused layer. This 
layer consists of ion of both the signs, but its net charge is equal and opposite to those absorbed by the 
colloidal particles. The existence of charges of opposite signs on the fixed and diffused parts of the 
double layer creates a potential between these layers. This potential difference between the fixed charge 
layer and diffused layer of opposite change is called electrokinetic potential or zeta potential. 


Illustration 


For the coagulation of 100 ml of arsenious sulphide sol, 5 ml of 1 M NaCl is required. What is the 
flocculation value of NaCl? 


5 ml of | M NaCl contains NaCl = x5 moles = 5 millimoles 


1 
1000 
Thus, 100 ml of As,S, sol require NaCl for complete coagulation = 5 millimoles 
^" PF Lie, 1000 ml of the sol require NaCl for complete coagulation = 50 millimoles 
.. By definition, flocculation value of NaCl = 50 
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Exercise 


Ans. 


The coagulation of 100 mL ofa colloidal sol of gold is completely prevented by addition of 0.25 g of 
starch to it before adding 10 mL of 10% NaCl solution. Find out the gold number of starch. 
25. 


Note that to test 100 mL of gold sol, 10 mL of 10% NaCl solution is required as for 10 mL of gold sol, 
I mL of 10% NaCl solution is required. 


(1) 


(2) 


(1) 


EMULSIONS 


An emulsion is a colloidal solution ofa liquid. It may be defined as a heterogeneous system consisting of 
more than one immiscible liquids dispersed in one another in the form of droplets whose diameter, in 
general, exceeds 0.1 p. 


For example, milk is an emulsion in which small drops of liquid fat are dispersed in aqueous medium. 
Cod liver oil is an emulsion in which the water drops are dispersed in the oil. This means in most of the 
emulsions one of the liquid is water and the other liquid is oil. Here the term oil’ is used to represent all 
organic substances which are soluble in water. 


The emulsion are classified as : 

Oil in water type emulsion (O/W): In this emulsion, oil is the dispersed phase and water is the dispersion 
medium. It is denoted by O/W or О in W. For example, milk (liquid fat dispersed in water), vanishing 
cream, etc, 


Water in oil type : In this emulsion, water is the dispersed phase and oil is the dispersion medium. It is 
denoted by W/O or W in O. For example, butter, cod liver oil, cold cream, etc. 


The type of emulsion obtained by agitating two immiscible liquids depends upon the relative amounts of 
two components liquids. The liquid that is in excess forms the dispersion medium. Thus, the two types of 
emulsions can be interconverted into each other by changing the concentration of one of the liquids. 


Distinction between two types of emulsions : the two types of emulsions may be distinguished from 
each other in a number of ways. 


Dye test : It involves the addition of oil soluble dye to the emulsion under experiment. If the emulsion 
acquires the colour ofthe dye readily, it is water-in-oil type emulsion and it the emulsion remains colourless, 
it is oil-in-water type emulsion. 


Conductivity test : It involves the addition of electrolyte to the emulsion under experiment. If the 
conductivity of the emulsion increases appreciably with the addition of electrolyte, it is 
oil-in-water type emulsion and it conductivity is very small, itis water-in-oil type emulsion. 

Dilution test : As a general rule, an emulsion can be diluted with the dispersion medium while the 
addition of the dispersed phase forms a separate layer. Thus, if an emulsion can be diluted with oil, it is 
water-in-oil type. 


Preparation of emulsion (Emulsification) : Emulsification is the process which involves the preparation 
of emulsion. Generally, an emulsion is prepared by subjecting a mixture of the immiscible liquid to a 
distinct layers upon standing. The oil globules rise to form an upper layer while aqueous medium forms 
lower layers. To prevent the separation of layers and to get the stable emulsion, a small quantity of the 


third substance is added. This substance which stabilizes the emulsion is called emulsifier or emulsifying 
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Q) 
(ii) 


(1) 


(2) 
(3) 


agent. The commonly used emulsifying agents are soaps, detergents and lyophilic colloids. Casein, a 
lyophilic colloid present in milk, acts as an emulsifier as it forms a protective layer around fat molecules 
dispersed in water. Hence milk is a fairly stable emulsion. 


Function of emulsifier : The main function of emulsifier or emulsifying agents is to lower the interfacial 
tension between oil and water and thus helps the intermixing of two liquids. For example, a molecule of 
a soap or detergent (emulsifier) gets concentrated at the interface between oil and water. The polar end 
of the emulsifier is in water and non-polar end is in oil as shown in figure. 

In a soap, RCOONa, R is the non-polar end, whereas COO Ма? is the polar end. 


Properties of emulsion : 

The size of particles of the dispersed phase ofan emulsion is usually larger than in sols. 

Like colloidal particles, emulsions exhibit properties such as Tyndall effect, Brownian movement (provided 
the particles are not too large), electrophoresis, coagulation, etc. 


x = i= Fusificr 


Demulsification : The process which involves the breaking of an emulsion into two separate liquid 
layers is called demulsification. The following methods may be used to bring demulsification: 


Chemical Methods : An emulsion may be demulsified by adding a chemical substance whose action on 
the dispersed phase and the dispersion medium is opposite to that of the original emulsifying agent used 
to produce the stable emulsion. 

Centrifugation : Cream is separated from milk by the centrifugal method. 

Cooling : Fat can be removed from milk by keeping it in a refrigerator for a few hours. 


Demulsification : 

Besides the above noted methods of demulsification, the following methods have also been developed : 
(i) Suitable centrifugal action-milk cream is separated from milk by centrifugation. 

(ii) Application of electric field-electrophoresis. 

(iii) Addition ofan electrolyte having multivalent opposite charge than that on the dispersed phase. 

(iv) Chemical destruction of stabiliser. 

(v) Distilling off of one of the components, usually water. 

(vi) Addition of demulsifiers like alcohol, phenol etc. 


Oil in water type emulsion (O/W) Use of emulsion : 


(1) 


(2) 
(3) 


Many pharmaceutical preparations-medicines, ointments, creams and various lotions are emulsions. It is 
believed that medicines are more effective and easily assimilated by the body tissues when they are in 
colloidal form i.e., emulsion. 

All paints are emulsions. 

The digestion of fat in the intestines is helped by emulsification. A little of the fat forms a medium soap 
(emulsifier) with the alkaline solution of the intestine and this soap emulsifier the rest of the fats, thus 
making it easier for the digestive enzymes to do their metabolic functions. 


(4) 


(5) 
(6) 


(7) 


31 


Soaps and detergents remove dust and dirt from the dirty piece of cloth by making an oil in water 
emulsion. 

Milk is an emulsion of liquid fats in water. 

In the process of metallurgy, one of the important steps is the concentration of ore which is usually done 
by froth floatation process in which an oil is added to the finely-divided ore taken in water. The particles 
of ore go on the surface due to formation of foams while the other impurities are left at the bottom of the 
vessel. 


The emulsion of asphalt in water is used in road making and building. 


Illustration 


Sol. 


Answer the following : 

(1) Explain demulsification. 

(1i) Can a colloidal solution conduct electricity ? 

(iii) What happens when gelatin is added to gold sol ? 
(1) Breaking ofan emulsion into constituent liquids 

(ii) Yes 

(iii) To increase stability 


Exercise 


Ans. 


Classify the following into positively charged and negatively charged colloidal solutions. 
(a) Ferric hydroxide 

(b) Aresenious sulphide 

(c) Gold 

(d) Stannic oxide 

(a) Ferric hydroxide - positively charged 

(b) Arsenious sulphide negatively charged 

(c) God - negatively charged 

(d) Stannic oxide-positively charged 


GELS 


Colloidal system in which liquids are the dispersed phase and solid act as the dispersion medium are 
called gels. The common examples are : boot polishes, jelly, gum arabic, agar agar, processed cheese 
and silicic acid. 


When the gels are allowed to stand for a long time, they give out small quantities of trapped liquids with 
accumulate on its surface. This action of gels is known as Synresis or Weeping. Some gels such as silica, 
gelatin and ferric hydroxide liquify on shaking and reset on allowing to stand, This phenomenon of 
Sol-gel transformation is called thixotropy. 


Gels are divided into two categories i.e. elastic gels and non elastic gels. The two categories differ from 
their behaviour towards dehydration and rehydration as under. 


Elastic gels Non-elastic gels 


They change to solid mass on dehydration They change to solid mass on dehydration 
which can be changed back to original which cannot be changed back to original 
form by addition of water followed by form with water. 

warming. 

They absorb water when placed in it with They do not exhibit imbibation. 
simultaneous swelling. This phenomenon is 

called imbibation. 


Uses of Colloids : 


(1) 


(2) 
(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


Medicines : The medicines containing gold, silver or calcium etc. in colloidal form are more effective 
and easily assimilated by the human systems. 

Dyes : In dyeing, mordants colloidal substances are used in textile dyeing industry to fasten dyes. 
Rubber industry : Latex isa colloidal solution of negatively charged particles. The article to be rubber 
plated is made the anode. Under the influence of electric field the rubber particles get deposited on the 
anode and the article gets rubber plated. 

Smoke screens : Smoke screens which consist of titanium dioxide dispersed in air are used in warfare 
for the purpose of concealment and camouflage. 

Formation of delta : The river waver carries with it charged clay particles and many other substances in the 
formof colloidal solution. When the sea water comes in contact with these particles, the colloidal particles in 
river water are coagulated by the electrolytes present in sea water to form deltas. 

Purification of water : The turbidity in water is duc to the presence of negatively charged clay particles. The 
addition of potash alum, i.e., АР ions neutralizes the negative charge on the colloidal particles and thus causes 
their coagulation. The coagulated matter settles down and thus becomes clear. 

Artificial rain : Artificial rain can be caused by throwing electrified sand on clouds which are colloidal 
solutions or charged particles of water in air. 

Smoke precipitation : Smoke coming out of the chimney is industrial area is a nuisance and health 
hazard. It is a colloidal particles are charged particles and thus they are removed from fuel gases by 
electrical precipitation (Cottrell Precipitator). 


In cottrell precipitator, the smoke is made to pass through chambers fitted with highly electrically charged 
plates which precipitate the carbon and dust particles leaving in the gases to escape through chimney 
(figure). 

Sewage disposal : Sewage water consists of particles of dirt, rubbish, mud, etc., which are of colloidal 


dimensions and carry an electric charge and thus do not settle down easily. These particles can thus be 
removed by cataphoresis. A system of two tanks fitted with metallic electrodes is used for this purpose. 


(10) 


(11) 


(12) 
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When electric field is created, then the dust particles are coagulated on he oppositely charged electrodes. 
The deposit may be utilized as a manure. 


Cleansing action of soap and detergent : Soap solution may be used to wash off the dirt sticking to 
the fabric, in the presence 

(i) If forms a collodial solution in water forms (miscelles), removes dirt by simple adsorption of oily 
substance and thus washes away. 

(ii) It decreases the interfacial tension between water and grease, and it causes the emulsification of 
grease in water. By mechanical action such as rubbing, the dirt particles are also detached alongwith the 
only material. 


In Photography : Various colloidal system are used in photographic process. In the preparation of 
photographic plates, the silver bromide in gelatin is coated on thin glass plates. In developing and fixation, 
various colloidal substances are used. In different kinds of colour printing, gelatin and other colloidal 
mixtures are used, 


Blue colour of the sky : Colloidal particles scatter only blue light and the rest of is absorbed. In sky 
there are a number of dust and water particles. They scatter blue light and, therefore, sky looks bluish. If 
there were no scattering, the sky would have appeared totally dark. 


Hilustration 


Sol. 


Sol. 


Why the sun looks red at the time of setting ? Explain on the basis of colloidal properties. 

Atthe time of setting, the sun is at the horizon. The light emitted by the sun has to travel a longer distance 
through the atmosphere, As a result, blue part of the light is scattered away by the dust particles in the 
atmosphere. Hence, the red part is visible. 


Addition of H, to acetylene gives ethane in presence of palladium but if BaSO, and quinoline or sulphur 
are also added, the product is ethane. Why ? 
CH= CH +H, —* , CH, -CH, —“ > CH,-CH, 

Ethene —— м Erhane 


CHa CH-*H,—M*55» , CH. - CH, 
т quinoline: S Ethene ^ 


BaSO, + quinoline/S poison the catalyst. Hence, the efficiency of the catalyst decreases and the reaction 
stops at the first stage of reduction. 


Explain the following observations : 

(a) Ferric hydroxide sol gets coagulated on adding sodium chloride solution 

(b) Cottre's smoke precipitation is fitted at the mouth of the chimney used in factories 

(c) Physical adsorption is multilavered while chemisorption is monolayered 

(a) Ferric hydroxide is positively charged. It is coagulated by the oppositely charged chloride (CT ) ions. 
(b) Smoke is a colloidal dispersion containing charged carbon particles. Cottrell’s precipitator attracts 
the charged carbon particles which are precipitated and hot air free of carbon particles escapes from the 
chimney. 

(c) In physical adsorption, first layer is adsorbed on the adsorbent, second layer is adsorbed on the first 
layer and this continues. In chemisorption, there is reaction between adsorption and adsorbent forming 
a surface compound. The adsorbent is now covered and cannot react with more of adsorbate. 
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Exercise 


1. In an adsorption experiment, a graph between log (х/т) versus log P was found to be linear with a slope 
of 45°. The intercept on the log (x/m) axis was found to be 0.3010. Calculate the amount of the gas 
adsorbed per gram of charcoal under a pressure of 0.5 atmosphere. 

Ans. 1.0 


2. The volume of nitrogen gas у, (measured at STP) required to cover a sample of silica gel with a mono- 
molecular layer is 129 ст? g ! of gel. Calculate the surface area per gram of the gel if each nitrogen 
molecule occupies 16.2 x 10720 m. 

Ans. 561.8 т>. 


3. The colloidal solution of Agl is prepared by two different methods as shown in Fig. 


(i) What is the charge on Agl colloidal particles in the two tubes (A) and (B) ? 
(ii) Give reason for the origin of charge 

Ans. (i) In tube A, as AgNO, is added in excess, the common Ag ions are adsorbed on Agl particles. Hence, 
charge on the colloidal particles is positive. In tube B, as KI is added in excess, common Ї ions are 
adsorbed on the colloidal particles and charge is negative. 
(ii) Reason for origin of charge is the preferential adsorption of common ions of the electrolyte present 
in excess on the colloidal particles. 
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SOLVED EXAMPLES 


During adsorption, a substance 

(A)accumulates on the surface of the other substance 

(B) goes into the body of other substance 

(C) remains close to other substance 

(D) forms an aggregate with other substance 

(A) 

Adsorption is a surface phenomenon. The compound which is being adsorbed is known as ‘adsorbate’. 
It concentrates on the surface of other compound known as ‘adsorbent’. 


Which ofthe following compounds would exhibit positive adsorption when dissolved in water? 
(A)sodiumsulphate — (B)potassiumnitrate (С) bathingsoap (D) dyes 

(C. D) 

Among the compounds given above, bathing soap and dyes are capillary active substances, that is, these 
will rise and get concentrated at the surface of water. This is positive adsorption. 


Sorption is the term used when 

(A) adsorption takes place 

(B) absorption takes place 

(C) desorption takes place 

(D)itis not possible to differentiate between adsorption and absorption 

(D) 

When it is not possible to differentiate between adsorption or absorption, the term ‘sorption’ is used. 


Which of the following isotherms consider a multilayer formation? 
(A) Langmuir (B) Freundlich (C)B.E.T (D)all of these 
(С) 


Only B.E.T considers a multilayer formation. 


As,S, colloidal solution is obtained by 

(A) treating a solution of As,O, with Na,S — (B) passing H,S ina solution of As,O, 
(C) heating As and S. (D) reacting As,O, with H,SO,(dil.) 
(В) 

As,S, colloidal solution is prepared by passing H,S ina solution of As,O,. 

Аѕ,О, + 3H,S —› As,S, + ЗН,О 


Which of the following does not give a colloidal solution of sulphur? 
(A) bubbling oxygen through a solution of H,S in water 
2H,S + О, 2 2H,O + 2S 
(В) passing H,S in very dilute HNO, solution 
(C) solution of sulphur in alcohol is added to water 
(D) sulphur is shaken with distilled water 
(D) 


0.7 


Ans. 
Sol. 


Q.8 


Ans. 
Sol. 


Q.9 


Ans. 
Sol. 


Q.10 


Ans. 
Sol. 


оп 
Sol. 


Q.12 


Sol. 


When sulphur is shaken with water, no colloidal solution is obtained. All other reactions would produce 
a colloidal solution. 


Fe(OH), is a positively charged colloidal solution. Which of the following would be the most effective 
for its coagulation? 

(A) Na,PO, (B) Na,SO, (C) NaCl (D) AICI, 

(A) 

According to Schulze-Hardy rule, Na,PO, would be the most effective. 


The process of passing a precipitate into colloidal solution on adding an electrolyte is called 

(A) peptisation (B) electro-omosis (C) electrophoresis (D) dialysis 

(A) 

The process of throwing a fresh precipitate in a colloidal solution by shaking it with a 
suitable electrolyte is called peptisation. 


Which of the following is a protective colloid? 

(A) gelatin (B) blood (C) soil (D)sulphur 

(A) 

Onlya lyophilic colloid isa protective colloid. When added to a lyophobic colloid, it checks the coagulation 
of a lyophobic colloid. Gelatin is a lyophilic and so a protective colloid. 


Gold number denotes the 

(A) flocculating value of an electrolyte 

(B) peptising power of an electrolyte 

(C) protective power ofa lyophilic solution 

(D) electrophoretic movement of colloidal particles 

(C) 

Gold number denotes the protective power ofa lyophilic colloid. 


What is positive and negative adsorption? What type of substances exhibit positive adsorption? 

If a substance is dissolved in water and it concentrates more at the surface and less in the bulk, the 
process is known as positive adsorption. A higher concentration of the substance in the bulk and less at 
the surface is negative adsorption. Substances like fatty acids, soaps, dyes, ete., show positive adsorption 
whereas acids, bases, and salts exhibit negative adsorption. 


Give one example each where oxidation, reduction, and hydrolysis can be used for the preparation ofa 
colloidal solution. 
(a) A colloidal solution of gold can be produced by the reduction of AuCl,. 

2AuCl, + 3SnCl, + 2Au + 3 SnCl, 

gold 
sol. 

(b) Colloidal sulphuris obtained when H,S is passed in dilute HNO,. (oxidation process) 

H,S + 2HNO,  2H40 +2 NO, +5, 


(с) FeCl, on boiling with water gives Fe(OH ); solution. (Hydrolysis) 
FeCl, + 3H,O — Fe(OH), + ЗНСІ 


Q.13 
Sol. 


Q.14 


Sol. 


Q.15 


Sol. 


Q.16 
Sol. 
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What is coagulation value? How can you compare the coagulating powers of two electrolytes? 
The minimum amount of an electrolyte (millimoles) that must be added to one litre of a colloidal solution 
so as to bring about complete coagulation or flocculation is called coagulation or flocculation value of an 
electrolyte. Thus the smaller the flocculation value, the greater the coagulating power. As such 


Coagulating power of electrolyte 1 _ Coagulation value of electrolyte Il 
Coagulating power of electrolyte П Coagulation value of electrolyte I 


The coagulation of 100 mL of a gold solution is completely prevented by addition of 
0.25 р of starch to it before adding 1 mL of 10% NaCl solution. What is the gold number of starch? 
Starch added to 100 mL ofa gold solution to completely prevent its coagulation by 1 mL of 10% NaCl 
= 0.25 g or 250 mg. 

Therefore, 25 mg of starch would be necessary to prevent coagulation of 10 mL of gold solution and, so, 
the gold number is 25.0. 


What is electrokinetic potential? 

A colloidal particle is charged. It carries either a positive or negative charge. During the formation of a 
colloidal solution, the particle preferentially adsorbs one type of ion on its surface. This formsa fixed layerof 
charges. To counterbalance it, oppositely charged ions are attracted to form an electrical double layer. This 
layer is considered to be mobile as shown below, 


Such a double layer of charges is called Helmholtz double layer. Now it is observed that 
some of the compensating charges are held in the stationary liquid layer adhering to the surface. The 
remaining charges are distributed next to this layer in the liquid in the form of a diffuse 
layer. The potential difference that exists between the stationary layer of compensating charges 
and the diffuse layer (present in the body of solution) is called electrokinetic or zeta potential. 


What is an adsorption isostere and adsorption isobar? 

Adsorption increases with an increase in pressure and normally decreases with an increase in temperature. 
Thus, if temperature is increased to a certain value (so that the adsorption decreases) the pressure will 
have to be increased in order to have the same amount of adsorption. 
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Q.17 
Sol. 


Q.18 


Sol. 


Q.19 


Sol. 


Obviously, for the same amount of adsorption, the plot between pressure vs temperature should be 
linear. As such, the plot between temperature vs pressure for a given amount of adsorption is called 
‘adsorption isostere". 


Temperature 


Pressure —» 


As stated above, the magnitude of adsorption should increase with a fall in temperature. This actually 
happens except in chemisorption, where extent of adsorption first increases and then decreases with an 
increase in temperature. The curve (given below) showing the effect of temperature on the extent of 
adsorption at a given pressure is called ‘adsorption isobar’, 


Adsorption 


x 
m 
Temperature —» 


Adsorption ofa gas on the surface of solid is generally accompanied by decrease in entropy. Still it is a 
spontaneous process. Explain. 

Adsorption is an exothermic process, i.e., energy factor favours the process. As AG = ^H - TAS, in 
adsorption, though AS is —Ve but AH is also - Ve and AH > TAS in magnitude so that AG is - Ve. 
Hence, the process is spontaneous. 


Explain the following giving reasons : 
(i) Rate of physical adsorption decreases with rise of temperature. 
(11) Cause of Brownian moment. 
(iii) Colloidal particles scatter light 
(1) Physical adsorption is an exothermic process in equilibrium 
Gas (Adsorbate) + Solid (Adsorbent) = Gas adsorbed on Solid + Heat 


As the temperature is increased, by Le Chatelier's principle, equilibrium shifts in the backward direction, 
i.e., adsorption decreases. 


A one-litre vessel contained a gas at 27°C. 6 g of charcoal was introduced into it. The pressure of the gas 


fell down from 700 mm to 400 mm. Calculate the volume of the gas (at STP) adsorbed per gram of 


charcoal . Density of charcoal sample used was 1.5 р cm?. 


Volume of the vessel = 1000 cn? 


6g 
з -4cm? 


Volume of charcoal present in the vessel = 1.5 рст’ 
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2. Volume of the gas initially at 27°C, 700 mm pressure = 1000 -4 = 996 cm? 

Volume of the gas at 400 mm and 27°C is again equal to the volume of the vessel excluding that of 
charcoal, i.e., 996 ст. Let us calculate equivalent volume of the gas at 700 mm at the same temperature 
P,V, =P,V, i.e. 400 x 996 = 700 x V, or V, = 569.1 cc 

^. Volume of the gas adsorbed at 27°C, 700 mm pressure = 996 — 569.1 = 426.9 cm? 


Volume adsorbed per gram of charcoal = cm? g’ = 71.1 em? рг! 


Converting this volume to STP we get 
РУ, Р.У, 700x71.8 760х V, 


T, = с ж ,Le., —908 2n ~ or V, = 59.6 en? 


Q.20 1 gofcharacoal adsorbed 100 ml of 0.5 M CH, COOH to form a monolayer, and thereby the molarity 
of CH,COOH reduces to 0.49 M. Calculate the surface area of the charcoal adsorbed by each 
molecule of acetic acid. Surface area of charcoal = 3.01 х 10? m? я. 

Sol. 100 mlof 0.5 М СН,СООН contains CH,COOH = 0.05 mole 

After adsorption, CH,COOH present = 0.049 mole 
г. Acetic acid adsorbed by 1 g charcoal = (0.05 — 0.049) mole = 0.001 = 6.02 х 107° molecules 


3.01x10°m? 


nu aene 


г. Surface area of charcoal adsorbed by each molecule = 


Q.21 20% of surface sites are occupied by N, molecules. The density of surface sites is 6.023 x 10!4 cm? 
and total surface area is 1000 cm?. The catalyst is heated to 300 while N, is completely desorbed into 
a pressure of 0.001 atm and volume 2.46 cm. Find the active sites occupied by each N, molecule. 
Sol  Step-I: Calculate of total no. of surface sites 
Density of surface sites = 6.023 x 10^ cm 
Total surface area = 1000 cm? = 10? cm? 
2. Total no. of surface sites = (6.023 x 105) x (10°) = 6.023 x 10"? 


Step-1l : Calculation of surface sites occupied by N, molecules. 


20 
Surface sites occupied by N, molecules = 100 " 6.023 x 10!7 = 1.2046 x 107 


Step-III: Calculation of total no. of N, molecules 
P — 0.001 atm, V = 2.46 ст? = 2.46 x 10° L, T= 300K 


10^ atm x 2.46x10°L 


x Ее 7 ME APT шя F 
PV=nRT orn= 6 98911 atm K^" mol'x300 К 10 mole 


^. No. of molecules = (1077) х (6.023 x 102?) = 6.023 x 10!* 


Step-IV : Calculation of no. of sites occupied by each N, molecule 


No. of sites occupied 1.2046 x 10" 
= No. of N, molecules — 6.023 x10^ ~ 
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AROMATIC HYDROCARBONS 


MAIN SOURCE 


Bituminous coal when subjected to destructive distillation in the absence of air [1000°—1200°C] the 
chief constituent obtained is coal tar. 
Fractional distillation of coal tar : Different fractions are : 


|_| Fraction | Temperature — | Main constituents 


Lightoil 80 — 170°C Benzene, toluene, xylene etc. 
Middle oil (carbolic oil) 170° – 230°C Naphthalene, 
Phenol etc. 
Heavy oil 230° 270°C Cresols, naphthalene 
Green oil 270° — 360°C Anthracene 
Pitch Residue Carbon 
BENZENE 
[i] Discoverer : Michael Faraday [ii] C-hybridisation : sp? 
[iii] Geometry — Hexagonal [iv] Bond angle : 120° 
[v] C-C Bond length : 1.39À [vi] С-Н Bond length : 1.09 А 
[vii] Resonance in bezene : 
O-O-U-@8-§ 
Kekule Dewar 


(9) Resonance hybrid 


[ix] Number of angles of 120? : 18 
[x] Localized and delocalized z-orbital 


Localized z—orbital Localized z-orbital 


Partial overlapping Partial overlapping 
of p-orbital C,—C», of p-orbital С—Сз, 
C3—Cq and Cs—Ce C4—Cs апа C4—Cs 


Obviously, each orbital formed in the partial overlapping is attracted by two carbon nucleus hence less 
stable. 


Delocalized p-orbital : 


Methods of Preparation of Benzene : 
Isolation From ‘Light Oil Fraction – Industrial method : 


In ‘light oil’, at least 60-65% benzene is present. Alkaline impurities (aniline, pyridine, quinolene, etc.) 
are removed by washing ‘light oil’ with cold and conc. H,SO,. The acidic impurities are removed by 
washing with dilute NaOH solution. After that, NaOH is removed by washing with water. Three fractions 
are obtained at different temperature ranges by fractional distillation of the neutral sample of oil. 

[i] 90% Benzol (90's benzol). 80-110° [ii] 50% Benzol (50's benzol). 110—140? 

[iii] Solvent naphtha — 140°-170° 

The 90% benzol contains about 70% benzene 24% toluene and remaining xylenes. Fractional distillation 
gives benzene at 80°, toluene at 110° and a mixture of all the three xylenes at 137—145*. Crystals are 
formed on cooling benzene from which pure benzene can be obtained by melting the crystals. 


ELECTROPHILIC AROMATIC SUBSTITUTION (EAS) 


Based on its structure and properties, what kind of reaction should benzene undergo ? Are any of its 
bond particularly weak does it have electron rich or electron deficient atom. 


Benzene has six p-electron delocalized in six p-orbitals that overlap above and below the plane of ring. 
These loosely held z-electron make the benzene ring electron rich, and so it reacts with electrophile. 
Because benzene six m-electron satisfy Huckel's rule, benzene is especially stable, Reactions that keep 
the aromatic ring intact are therefore, favoured. 

Electron cloud above and below the plane of benzene shields the ring carbon from the attack of a 
nucleophile. 


As aresult, the characteristic reaction of benzene is electrophilic aromatic substitution - a hydrogen 
atom is replaced by an electrophile. 


и Ее —» A H? 
io | 


Substitution of H by E 


Benzene does not undergo addition reaction like other unsaturated hydrocarbons, because addition 
would yield a product that is not aromatic . Substitution of a hydrogen on the other hand, keeps the 
aromatic ring intact. 


H H H 
> E 
Addition» О +С EE TS CIS : Substitution—> СҮ 5 CY 
H 


L Product is not aromatic L Product is not aromatic 
THE GENERAL MECHANISM OF EAS 
EAS reactions occur via a two steps mechanism. 
Step 1. Addition of the electrophile 


H H H ен 5 H 
E? E E E 2 
Slow = Tm в +? 3+ ô+ 


(c-complex) 


Step 2. Loss of a proton to reform the aromatic ring 


Any of the three resonance structures of the carbocation intermediate can be used to draw the product. 
The energy changes in EAS are shown in figure. The mechanisms consist of two steps, so energy dia- 
gram has two energy barriers. Because the first step is rate-determine, its transition state is higher in 


energy. 


Transition state 
step-l 


Transition state 
step-2 


Encrgy 


Reaction co-ordinate =} 
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Most examples of EAS proceed by this sequence of events : 
1. Generation of an electrophile 

2. Attack of he aromatic ring on the electrophile 

3. The resulting carbocation is stabilized by the resonance 

4. Aproton is elimination from the carbocation 

5. Asubstituted aromatic compound is formed 


NITRATION OF BENZENE 


The introduction ofa nitro (CNO.) group on benzene known as nitration of benzene. The most common 
reagent for the nitration of aromatic compound is mixture of concentration HNO, and concentration 
H,SO, (mixed acid). 


The electrophile required for the nitration is nitronium ion (-NO.). 


@ HNO, + Н,50, ере 
————— 
or Mixed acid 


e 
Mechanism : H,SO, = НӘ + HSO, 
[e] о о 
(е. ous, Das 
23 or NO, 
i NE "d pesi «/® z 
o ӧн о он, o 


Ө f » NO 
NO, EP HSO, C 2 
———— » a 
е 


Besides mixed acid, other reagents have also been used for nitration such as nitronium salts 
e 68 os 


6 e o 
(NO.CI, NO.F, NO,,CIO,, NO.,SO,) 


In the case of fuming HNO, alone NO, is formed as follow 


є 8 
2HNO, = NO, + NO, + H,O 


— E 
In nonpolar solvent N.O, get dissociated and produces NO, 


E Ө 
N,O, = NO, + NO, 


Problem : Compare rate of nitration among C,H, C, D, and C,T, 
Solution : C,H, = C,D, = C,T, 


Therefore nitration of benzene does not shows primary kinetic isotopic effect. 
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HALOGEN OF BENZENE 


The introduction of halo (—X) group on benzene known as halogenation of benzene 


Br 
Q +o, У" +HBr * О) +a 1, AIC, „ СҮ + НСІ 


The bromination or chlorination of benzene requires a Lewis acid catalyst such as FeBr,, AlBr,, FeCl or 
AICI,. 

Sometime Fe or Al is used but real catalyst is not Fe or Al itself but FeX, or ALX, is formed from the 
reaction between halogen and Fe or Al. 


Mechanisms for Bromination 


ss . ә Ө е Ө 
Br- Вг:+ РеВг,—э :Вг UN - FeBr — —» Br+ FeBr 
(Bromonium ion) 


ө ; E e Br 
3 Or _Br~FeBr, CY * HBr + FeBr, 


Mechanisms for Chlorination 


£d E e d 9 
- CE + AICL——> "e — AlCl, —— —» Ci + AICI, 
(Chloronium ion) 


cy 5. cs aua, 1 AI] cr ЕАК, 


Bromination and chlorination also occur by HOBr and HOGI , obtained by reaction between Н.О and 
X.. 

H,O * X, 2 2HOX (Х = С1, Br) 
lodination of benzene requires an acidic oxidizing agent such as nitric acid. Nitric acid is consumed in the 
reaction, so it is a reagent rather a catalyst. 


1 
О +L, +HNO,—> CY * NO, + H,O 


Mechanisms for lodination 


1 Ф Ө 
нхо, +L1,—> 1% No, + OH 


cy. esf Һе 


The electrophile required for halogenation reaction is halonium ion ( X9) 


Sulphonation of Benzene 
Sulphonation is usually done with concentration H,SO,,. Electrophile required for sulphonation reaction 
is SO,. 


O Conc. H,SO, . 
———— 


Benzene sulphonic acid 


Mechanisms : 


о 
H.SO, = Н+ HSO, 


Зор" 
Ēd о 
Fuming sulphuric acid or oleum (Н,5,0,) is also used to sulphonate aromatic ring. 


ндо, $О,Н 
О SO, +'Н,50, 


Mechanisms : 


£x 
ao Сй in, H.SO, Суон йо, о. a 


Sulphonation of benzene is a reversible reaction. If benzenesulfonic acid is heated in dilute acid, the 
reaction proceed in reverse direction. 


SO н®н О, 100°C e 
S: +50,+Н 


Mechanisms of desulphonation 


5О,Н OH e 
C^ ле = = za = О * SO.H 
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RELATIVE REACTIVITY OF SUBSTITUTED BENZENE 


Ortho para directors Meta directors 
Strongly activating Moderately deactivating 


0 


Ө: a г A i о ? ? i 9 
-NH.. - NR. - QH, - QR Aca ee ad на -6- one on 


-O, 
Moderately activating Strongly deactivating 
o o 


m a TE e Ф e х 
-МН-С- СН, -O-C-CH, - NH,- NR, - NO, -C =N,- CF,- ССІ, 


Weakly activating 
-CH -CHCH -R 


Ly - CH = CH, 


Weakly deactivating 
-EÉ.-Xt.- Bc, - T: 


AROMATIC HYDROCARBONS 


CH, CH, H, CH, CH- CH, CH(CH,), 
CH, 


Benzene Toluene o-xylene m-xylene CH, styrene cumene 
(1.2-) (1, 3-) p-xylene 
(1. 4-) 


(О)-сн-(О) De 


biphenyl biphenyl methane naphthalene anthracene phenanthrene 1. 3, 5-trimethylbenzene 
(phenylbenzenc) (benzyl benzene) (mesitylene) 
Source 


(a) Fractional distillation of Coaltar 
The dark-brown sticky liquid called coal-tar is a mixture of several aromatic hydrocarbons, phenols, 
bases etc. The first step in the separation of coal-tar into its components is distillation in a fractionating 
column as given in table. 


(b High temperature cracking 
Petroleum (kerosene and low boiling fractions) ——52:***. mixture ofalkenes and alkanes. 


eyclisation / anomatisation aromatic hvdrocarbon 
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(d) 


(e) 


(f) 


С) "ОА 
Pr-ALO..A Pr-ALO, 
E ES a >” 


Polymerisation 
“Н = CH —10101100@ у red-hot tube 
ы 7187022070 K^ 
CH, 
(— М red-ho: 
2CH = CH + CIC = CH 1870-2070 K 
CH, 
2CH,C = CH + CH scubet nube , (o. p-also) 
CH, 
CH, 
ЗНС = CCH, — 20000006 ia 
H, CH 
Alkyl benzene synthesis 
+ м AICI., НСІ 
37 3 UIT 
© sie 368 K, Pressure (Y^ 
CH (CH,). 
H,PO, 
+ EH .` NETS 
© m PN 523 K. pressure 
Friedel-Crafts reaction 
CH.CH, 
(i) AIC], 
+ HCl 
© + CH,CH,CI Ho” 
Decarboxylation of Aromatic acids 
CaO : 
(Q)-coovs мон —— y © + Na,CO, 


(h) 


(i) 


@ 


"Moe 


Wurtz-Fitting reaction 


h 
(O)-& (ec i Mrs К + 2NaBr 


Deoxygenation of Phenols 


Өн: Choon 


Reduction of Diazonium salts 
(Оу-ма + Н,РО, + H,O —— © + N,CI + H,PO, + НСІ 


Desulphonation of sulphonic acids 


_400-420K 420K 
яң sh HCI, high pressure high pressure (0)- = 


Mechanisms of the above reactions have been given in further section. 


All meta-directing groups are deactivating groups; 
All ortho, para-directing groups except for the halogen are activating groups. 
The halogens are deactivating groups 


The activating substituents make the benzene ring more reactive towards electrophilic substitution, the 
deactivating substituents make the benzene ring less reactive towards electrophilic substitution. 


All the strong activating substituents donate electrons into the ring by resonance and withdraw electrons 
inductively. The fact that they are strong activators indicate that electron donation into the ring by 
resonance (which increases electron-density hence, nucleophilicity) is much greater than electron withdrawl 
from the ring by the inductive effect (which decreases electron-density hence nucleophilicity). Strongly 


activating substituents are : 
бн OR 


The moderately activating substituents also donate electrons into the ring by resonance and withdraw 
electrons from the ring inductively. However they donate electrons into the ring by resonance less 
effectively than do not strongly activating substituents. These substituents are less effective at resonance 
donation since, they can donate electrons by resonance in two competing directions- into the ring and 
away from the ring and thus net resonance effect is diminished and still electron donation by resonance 
is more than the electron withdrawl by induction and thus, these substituents are activators though 
moderately. 
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; al H, S ikar 
(Fo Qe = i. «=O 
(substituents donates electrons by resonance into the benzene ring) 


Ò 


(substituents donates electrons aways from the benzene ring) 


Alkyl, aryl and CH = CHR groups are weakly activating substituents. Two of the three groups (aryl and 
СН = CHR) can donate electrons into the ring by resonance and can also withdraw from the ring by 
resonance. The fact that they are weak activators indicates that they are slightly more electron-donating 
than they are electron-withdrawing . An alkyl substituent is a weak electron donor because of 


hyperconjugation. 
© Ô ш 


The halogen are weakly deactivating substituents. They donate electrons into the ring by resonance and 
withdraw electrons inductively. Since, they have been found deactivators, we can conclude that they 
withdraw electrons inductively more strongly than they donate electrons by resonance. 


9 - 5 


The moderately deactivating substituents all have carbonyl groups directly attached to the benzene ring. 
They withdraw electron both inductively and by resonance. 


о о о 


i be bor 


The strongly deactivating substituents are powerful electron withdrawers. With the exception of 
- Мн, - Хи, К, - NHR,, and - NR, and they withdraw electrons both inductively and by resonance. The 


ammonium ions have no resonance effect, but the positive charge on the nitrogen atom causes them to 
strongly withdraw electron inductively. 


11 


Catalytic hydrogenation 


Treatment of areanes with group I metal (like sodium, lithium) and methanol (or ethanol) in liquid reduces 
arenes to non-conjugated dienes. 


Н.Н 
О Na, liquid NH, 
a> 
CHOH б 
1. 4-cyclohexadienes 


Alkyl substituted arenes give 1 ,4-cyclohexadienes in which the alkyl group is a substituent on the double 
bond. 


CH, CH 


CH 1, 
Na, liquid NH, 
Суња, —CHOH ^ б — Ò 
e Na, liquid NH, 90 
——— 
cu, CHOH сн, 


Metal ammonia -alcohol reduction of aromatic ring is known as Birch reduction and is one type of a 
more general class of reactions called dissolving metal reduction. 
(b) Addition of Halogen 

CI 


„ X cl 
О UV 
C Cl 


CI 
benzenehexachloride 


Benzenehexachloride (BHC, C, H,CI,) is also called Lindane or Gammaxene (y-isomer) and is used 
insecticide. 


(c) Ozonolysis 
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(d) Oxidation 
CHO 
(О) +30, НО | 
CHO 
glyoxal 


О, CHOOH A CHCO 
© use Pm a Po 
у.о,, 770 К 


CHCOOH CHCO 
maleic acid maleic anhydride 
о “OOH 
Qe © > Quae 
v,0,, 770 К COOH : 
phthalic acid phthalic anhydride 


On H, KMnO,OH^ Q 
A 


When oxidised using KMnO/OH ,Na,Cr,O/H*, KMnO,/H the entire side chain, with at least one 
Н at a-C, regardless of length is oxidised to -COOH. 


A 


The conversion of alkyl benzenes to benzoic acid with strong oxidations suggest that benzene ring is 
more stable than the side chains; this is correct so long as the side-chain contains at least one benzylic 
С-Н bond. The first step in the mechanism is the removal of hydrogen from the benzylic carbon. If the 
side-chain has no C-H bond at the a-carbon (w.r.t. benzene nucleus), then benzene ring is cleaved. 


H, H, 
©; М - СН, eee HOOC - n - CH, —— CH,COOH 
(a-C) CH, high temp. CH, 
CH, "H(OOCCH,). CHO 
CrO.. acetic anhydride Ò n,o? 


(Etard) 


(e) Combustion 
2C.H, + 150, |. ^, I2CO, + 6H, 
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(f) Side-chain halogenation 
H, CH.CI CHCI, Cl, 
PEE CN G -a, 
benzyl chloride benzal chloride benzotrichloride 


This provides a source of preparing other derivatives from benzene and toluene. 


H, E Cl 
© СН,СІ, AICI, 3Cl, 
Ы —— ——— 
boiling ; 

јс. boiling [2с.. boiling |o KOH, (ii) H,O 
CH.CI CHCI, COOH 

aq. KOH NH, KCN, H.O jaa KOH 
CH.OH CH.NH, CH.COOH СНО 


© 


N ,be | » 1 
O+ CH, BS Ann eide (O+ CH,Br 


(NBS is N-bromo succinimide) 


DIRECTING INFLUENCE AS DECIDED BY ELECTRON DENSITY 


*—OH group is ortho and para-directing since it increase electron-density at ortho and para-positions 
for electrophilic attacks; electron-density at meta-position is decreased hence, electrophilic attack at 
this position is least. 


i. 


I 1 LU N V 


1 to V are different resonance structures and УІ resonance hybrid structure. 
50H 


y ЖОМ Electrophile can attack the sites with increased 
electron density which are ortho para w.r.t. -OH group 
6 
VI 


Naturally nucleophile cannot attack ortho and para-sites but can attack at meta-site (but less reactive) 
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8 (9) 8 Nucleophile can attack mcta-sites 


* -NO, group is electron-withdrawing group. It deactivates ortho and para-position for electrophilic 
attack and thus electrophile can occupy meta-position. | to V are resonance and VI is resonance hybrid. 


© © o o © e © 8 
Ks Ae O25 Ae dey 


3. 5-0 © - 


1 Ш ul у V 


e 5 
On О 
м2 
М 
H NO LO Electrophile cannot attack ortho and para-sites since, 
they are electron-deficient centres but meta-site 
[3 with less reactivity. 


In this case nucleophilic attack at electron-rich ortho and para-sites is favoured. 


NO, 


Nucleophile can attack here 


ё 


ANAMALOUS BEHAVIOUR OF HALOGEN SUBSTITUENT 


— X(F, Cl, Br, I) is o-, p-directing but is deactivating group. 


x ex: ex ox :Х: х& 
[еа Of (8-0-0 
i-o 

€—» €—3 €—» <-> === 
е 5 $ 


This deactivating nature is attributed to high electronegativitity of the halogen atom due to which they 
withdraw electrons; resonance effect explains its electron-donating behavivour. 


Xs Xs 
6 5 5 б 
®© {+M} -i 
$ ë 
overall result; o—, 


p-directing but 
deactivating 


electron displacement 

due to inductive effect not 
compensated by resonance 
effect 
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Alkyl groups and Orientation 
Alkyl groups (-CH,, -CH,CH,, etc.) have complete octet and are without one-pair of electrons; but 
they are ring activators and o-, p-directors. They not only show electron-pumping effect, but also when 
attached to conjugated system show hyperconjugated effect (no-bond resonance), This type of reso- 
nance requires the interaction of c-electrons instead of usual lone-pair of electrons. In toluene, 
hyperconjugation is shown below : 


H H 
H»C-H H-C€-H H~ d- H 
6 
<> <> E 


° 
resonance hybrid 


H 
і 


"SE 


Thus, hyperconjugation helps in increasing-density at o-and p-sites in case of alkyl groups. 
There must be at least one H-atom on the carbon of the alkyl group joined to the ring carbon to take 
part in hyperconjugation and relative ability of alkyl groups forthis effect is 

methyl > 1° > 2° > 3° 


C(CH.), C(CH.), 
+NO, ——5 
NO, 
In this case, only p-isomer is obtained. It is due to steric influence of the substituents -C(CH,), and due 


to its unability to show hyperconjugation. 


Orientation and Synthesis 
By using the nature of directing group (subtituent), it is possible to prepare varicty of products. 


To prepare meta-bromo nitrobenzene from benzene, we have to first carry out nitration and then bromi- 
nation; and to prepare o-and p-dereivatives, sequence will be bromination and then nitration. 


Br NO, NO, 
© Br, Fe © HNO,H,SO, Br., Fe 
ae. Pocher: iix at DR ср 
| Br 
(Br is o-, p-directing) (-NO. group m- 
is m-directing) 
Br Br 
HNO, С 
+ 
H,SO, 
NO, 
o- p- 


Orientation in Disubstituted benzene 
When two substitution are present, orientation of the third coming S, is complicated, 
-CH, group is 0-, p-directing and -NO, group is m-directing, thus in p-nitrotoluenc, new electrophile 
can be in a position shown by arrow : 
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> < [ meta w.r.L. - NO, 


ortho w.r.t. — CH, 


Similarly we can decide the position ofthe new electrophile in other disubstituted compounds. 


SO,H NHCOCH, 
ES. — N 
О, x NO, 
both meta-directing —NHCOCH, ortho, para and 


- CN meta-directing 


Problems mav arise in the following cases : 


OH <— Strongly activating 


Н, <— Weakly activating 


Both are ortho, para-directing and none of the vacant positions are ortho-and para, w.r.t. each. In such 

cases we follows : (a) Strongly activating groups generally win over deactivating or weakly activating 
groups. 

H EL 

МОН. 2 

ROAS, NO, is ortho w.r.t. - OH (Strongly activating) 


CH, CH, 
igi te 


d en. Br.. Fe 
А HO 


Ga rating 


weakly activating ——» OH 
TN HNO, 50, 9 © 


deactiving ——» СІ 


(b) If the subtitution are meta to each other, S, in between vacant sites takes place rarely. 
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HALOGEN COMPOUND 
Aryl Halides 


Source/Preparation 
. Direct halogenation : 


(8)« e. NO OE һо, oy © 


Low temperature and the presence of a halogen carrier favour nuclear substitution. The chlorides or 
bromides of Al, Fe, Sb may use used : 


ч. с = 
Fe Ed FeCl, == FeCl, + СГ 


A. н 
С.е б 


c-complex 
(stable by resonance) 


RH H H H 
q 79 уч Фм = Cn 
Ф 2 Ф 
уун С! 
OS Lg 


FeCl,” + H’ — —2» FeCl, + НСІ 


Iron is most commonly used being converted to Lewis acid FeCl, as shown above. 


Itis again S, reaction and without halogen-carrier (Lewis acid), Cl’ (halonium) is not formed and hence, 


reaction is not possible : 
CH, CH, 
Я 
+ Вг, PR 
toluenc 
o p 


bromotoluene 
A methoxy group is so strongly activating that anisole quickly bromines in water without a catalyst : 


OCH OCH, 


Вг. в Вг 
—Ho? * HBr 
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Direction iodination is not possible since, iodine is least reactive and HI formed makes reaction revers- 
ible. In presence of oxidising agents like HNO, or HIO,, iodination of benzene is possible and HI 
formed is converted to L: 


"m ч 
1/2 1, + HNO, + 1+H,0+NO, 


$ HI + HIO,——93 1, + 3H,O 


lodination probably involves an electrophilic aromatic subtitution with iodonium (1°) acting as the 
electrophile. I* is formed from iodine by oxidation with HNO,. 


H' + HNO, + 1/2 1, ——>I°+NO,+H,O 
OH СІ 


high temp. 
© рст, — ME ©: POCI, + НСІ 
(Оу-соола + Вг, -— (o»- Br + AgBr + CO, (Hunsdiecker reaction) 


Diazonium salts are converted to halogen compounds : 


Br МСГ cl 
м. + CuBr/HCl Съвенс l +N. 
А (Sandmeyer) (Sandmeyer) 
NX N.BF, 


©) — , © —— Ò +N, + BF, 
(Sandmcycer) 


N.CI I 
TONNEN r - KCl 
+ Kl (Gattermann) s 


Diazonium salts are obtained by diazotisation of amino compounds and this provides a better route to 
convert amino compounds into halogen compounds : 


NO ? diazotisation NSC 
Sn’ .SwHO | NaNO, + NaNO, + На Bum, Hcl 
“Reduction” —3nk K 
H, 


(o» HCI+ 1/2 0, Pr Cl + HO (Raschig process) 


Side-Chain Derivatives 


Н, CH,CI CHCI, CCL 
Cl, © Cl, CL 
-m> ——› —— 
high temp; 
light 
(boiling) ы benzyl benzal benzotri 
chloride chloride chloride 


Side-chain halogenation involves free radical mechanisms due to lower bond energy of the benzyl C-H 
bond: 


`H, ^H, 
*Ccr——» - HCI 


stable benzyl free radical 


Benzyl radical is stabilised by resonance due to delocalisaton of odd electrons into ring : 


CH, CH, CH, “CH, 
Ó -0-0-06-0 


NBS сап also be used for bromination of side-chain alkyl group : 


(Qy-cn. cn, -NBS, (or - CH, 
Br 


(by allylic subtitution) 


In presence of an activating group — OH or—NH,, side chain halogenation is difficult : 


CH, CH, 
© + Вг, ——— 
т Br 
OH OH 
Properties 
Physical 
. Less polar, insoluble in water but soluble in organic solvents like ethanol and ether. 
. They show physiological activity and are used as insecticides. Examples are : 
CCl, 
4 | 
© oO 
CI 
(dichlorobenzene) (DDT) 
Chemical 


(a) Low reactivity of Aryl halide for S,, reaction 


C-X bond in aryl halide is stable due to delocalisation of electrons by resonance. Also (C—X) bond 
possesses a double bond character like vinyl chloride and is stronger than C—X bond in alkyl halide. 


«e Ст 
once 
«—» *—» 
e 


& 
NE ON 
MJ no reaction 
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Hence, S, reaction is not possible in benzene nucleus under ordinary conditions. However, under high 
temperature and pressure, S, reaction is made possible. 


cur S m (O)-on +С 


(Oa POEM. S (O)-en+ er 
470K, pressure. 
+ NH,+Cu,o —R NH, — (О)-мн +CuCl+ H,O 
70 K, pressure 


If the benzene ring has (1) one or more substituents that strongly withdraw electrons from the ring by 
resonance, and (2) a good leaving group (such as halogens), nucleophilic aromatic substitution reac- 
tions can occur without using extreme conditions. These electron-withdrawing groups must be posi- 
tioned ortho or para to the leaving group. The greater the number of electron-withdrawing substituents, 
the easier it will be to carryout the nucleophilic aromatic substitution reactions. 


CI 
Z CI G withdraws electron 
+7: > stabilies carbanian, 
activates, S, reaction 
G G 


is made favourable 
Ө 
б=-М(СН,!.-МО„-СМ,-5$О,Н, - COOH, ~ CHO 


430K 


———À» OH 


NO, 


o0N-(O)- Cl+OH™ 
a Cl+OH™ 
NO, 


O.N 


370 Ку 


on- OH 
NO, 


7. C G releases clectrons destabilises 
Z5 carbanion, deactivates 
a G - - NH. -OH, -OR, -R 
G G 


Nucleophilic aromatic substitution takes place by a two-step reaction known as an S, Ar reaction by 


following mechanisms : 
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XN ONES 
LE 
HE ЖЕ «—» <-> 
nucleophile $ 
i (slow) 
NO, Өө 
: o 
d “o ONS og 
Y 
—fast_, 4x9 


(b) Elimination- Addition Through Benzyne Internate 


Anaryl halide can undergo a nucleophilic substitutoin reaction in the presence ofa very strong base such 
as МН. 


When chlorobenzene — that has the carbon to which chlorine is attached isotopically labelled with ^C 
—is treated with amide ion in liquid ammonia, aniline is obtained as a product. Half of the product has the 
amino group attached to the isotopically labelled carbon (*) as expected, but the other half has the 
amino group attached to the carbon adjacent to the labelled carbon. 


CI NH, 
$ © } pum : „МН, 
СУ + NH, NH, (liquid) G z or 
{approximately in equal amounts) 


The mechanisms that accounts for the experimental observations involves formation of a benzene inter- 
mediate which has two equivalent carbon atoms to which amino group can be attached. Benzyne has an 
extra z-bond between two adjacent carbon atoms of benzene and can be formed as : 


Step-I : Strong base NH? removes a proton from the position ortho to halogen : 


Step-II : Anion formed in step I eliminates the halide ion, thereby forming benzyne : 
| 


oe 


(benzyne) 


The incoming nucleophile can attack either of the carbons of the “triple bond" of benzyne. Protonation of 
the resulting anion form the substitution product. The overall reaction is an elimination-addition reaction; 
benzyne is formed in an elimination reaction and immediately undergoes an addition reaction. 
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NH, (Y NH, 
^ * 
attack at C* Ө (Кн, e 


(labelled) 


Son - 

attack at C oon H A NES 2 
_ > + NH, 

(unlabelled) = 


Substitution at the carbon (*) that was attached to the leaving group is called direct substitution. Substi- 
tution at the adjacent carbon is called cine substitution. 


CH, CH, CH, 


Br liquid NH, NH; 
+ NaNH, ~  ————› + 
NH, 


o-bromotoluene = A 
o-toluidine m-toluidine 


(by direct substitution) (by cine substitution) 


(c) Wurtz-Fitting Reaction 


(ОУ-а + CH,Cl+ 2Na —Sther_, (O)-cH, 


aryl halide alkyl halide 


(Oy-ata + (Oya +2Na — E. (OY cu,XO) 


alkyl halide alkyl halide 
(side chain) 


Ifonly aryl halide is involved, diphenyl is formed (Fitting reaction) 
(d) Ullman synthesis 

Өн 
(е) Reaction with Chloral 


DDT is formed when chloral reacts with chlorobenzene in presence of concentrated H.SO ,. 


HSO 
:(О)-а+н-с-о АЛЬ о 00)-с-с-а 


ССІ, н CI 
2, 2-41 (p-chlorophenyl)-1, 1 
I-trichloroethane (DDT) 


DDT is causing ecological problems, its use as insecticides is being banned. 
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Nitration 
СІ 1 CI 
conc. HNO, NO, ; 
————————ә - chloro nitrobenzenc 
conc. H.SO, 
o- p- 
Chlorination 
1 1 
CI 
Fe, Es - dichlorobenzene 
СІ 
o- p- 
Sulphonation 


on 950, o” © chlorosulphonic acid 
X H 


* Chlorine is not a good donor of electrons by resonance due to its high electronegativity. Thus, the 
inductive effect of the Cl atom overcomes the resonance effect, and thus, it deactivates the benzene ring. 


(g) Substitution on benzyl carbon (S,) : The greater reactivities of benzylic halides result from the stabili- 
ties of the carbocation intermediates that are formed when they react. 


e D к 
cn, Le CH, Q:? 
QU - OC 
CH, CH, е CH, Boy cu, Cu, 
Pon HO HOH 


Tertiary cumyl chloride ionises to a carbocation with four important resonance structure : 


CH 


ln 1 
Cau C: «—» Or cre 


CH, 


CH, 


/. CH, 
Ore "PS CU HE -— 


L 


(resonance-stablised) 
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Because of the possibilitie of resonance, ortho and para substituent group on the benzene ring that 
activate electrophilic aromatic substitution further accelerate S, 1 reaction at the benzylic position. Thus 
p-methoxy tert-cumyl chloride (I) undergoes hydrolysis about 3400 times faster than tert-cumyl chlo- 


ride Il. 
n * 
cuo-(O)-c-a (ort-a 
CH, CH, 


Benzylic halides undergo S, reactions like aliphatic halides. 


(ОУ-н -сі-28 КОН, (Оу-снон 
КЕ" э (О)-снсм 

Н /NaNH, 
AN , Су сими, 


This provides а path of converting toluence into so many other compounds benzyl chloride. 


Aromatic Nitro Compounds 


NO, NO, H, 
Om On ILNO, a ON NO, 
NO, ох NO, 


nitrobenzene — m-dinitrobenzene — phenylnitromethane — |,3,5-trinitrobenzene 2,4,6-trinitrotoluene 
Source 


. Direct nitration 
Nitrating agent is 
(a) conc. HNO, + conc. H,SO, or (b) acetyl nitrate (М.О, in acetic anhydride) 
– NO, is deactivating group, hence, further nitration takes place with fuming HNO, and H,SO, mixture. 
Intermediate is o-complex (arenium carbocation) stabilished by resonance. 


О, NO, 
A cone. ILSO fuming HNO 
Fo M fuming HNO, . ol 
© conc.’ 330K conc. H,SO, NO, 
OH-NO,+2HSO,2 OH, +H,0 + 2HSO, 
nitronium ion 
ч H H I 
PLA Жы» ox EN С "One 
e e 
c-complcx resonance hybrid 
y vH NO, 
NOE LL СУ $ H 
H, CH, H, 
- ко, 
NO 
300 K ' 
хо, 


e-mitrotolucne — p-nitrotoluenc 
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. -CH, and – OCH, groups are activating groups hence, nitration of toluene and methoxy benzene 


(anisole) is easier than that of benzene. 
^H. 1, 
хо, 
+CHCO-O-NO, ——> + CH,COOH 
acetyl nitrate 
toluene toluene 
(CH CO).0 +N O, 
acetic anhydride 
осн, OCH, 5 
N,O,, (CH,CO),O x 
2» * CH,COOH 
methoxybenzene 
. From Diazonium salts : 


H cO} N'er -M000 нс (Оу, HCI + NO, 


. Oxidation of Amino compounds : (using trifluroperbenzoic acid) 


NH, NHCOCH, 
© CH,COCI © 
———> 
acetylation to 
protecting ring 
NHCOCH, NHCOCH, NHCOCH, 


© = (07% . © 
—› + 

NO, 

o- р- 


NBF, NH, NH, 
Om NaNO, + HBF, or 
_ and 
o- (and р-) NO, 
NaNO, H,SO, 
Cu, A (Caro's acid) 
NO. NO, NO 
NO, HNO,/H,O, 
e—a 
NO, NO, 
o-dinitrobenzene p-dinitrobenzene 
and (p-) 
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Properties 

* Nitro-compounds are yellow crystalline solids (nitrobenzene is yellow liquid) 

* Steam-volatile, denser than water in which they are in soluble. 

* Nitro group is attacked by Grignard reagent; nitro-substituted aryl halides cannot be used for the 


preparation of these reagents. 
Mg/ethe 
0N-(O)-& Messer. 


There is also partial positive charge on the ortho and para-positions . Thus, NO, activates the benzene 
nucleus for nucleophilic substitution at the ortho and para-positions. 


09,08 


op can attack here) 


Electrophilic substitution (S,) 


NO, NO, 
© fuming HNO,/H.SO, ol 
A , хо, 
m-dinitrobenzene 


Further nitration to form trinitrobenzene takes place under drasitic conditions. Presence of electron- 
releasing group activates benzene nucleus for S, . Toluene can be nitrated only once but nitro group 
introduced retards a second nitration on the same ring. 


H, H, 'H, 
NO: conc. HNO,/H,SO, NO; conc. INO, 1,sO, _ 92 NO, 
343 К 393K 
NO, NO, 
2, 4-dinitrotoluene 2, 4, 6-trinitrotoluenc 
NO, 
© Вг/Ее 
——— 


m-bromonitrobenzene 


. – NO, group also deactivatives benzene nucleus for alkylation by Fridel-Crafts reaction. 
NUCLEOPHILIC SUBSTITUTION REACTIONS 


. Substitution of hydrogen by a nucleophile does not occur in benzene itself, but the presence of one nitro 
group is sufficient to activate the o-and p-positions. 


NaOH 3 f. оң 
Оо He © 
NO slow мо, ~H NO, 


M P 
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NO, NO, NO, 
GR r OH 
ONE OME 
n NO, NO, 
OH 
2, 6- 2, 4-(main) 
dinitrophenol 
NO, OMe 
CI CI OMe” Ci CI 
— 
NO, NO, 
NO, NO, NO, 


NH. мн, JNO: aq. KOH ОН 
———— «= 
alcoholic 


AROMATIC SULPHONIC ACIDS 


They are derivatives of aromatic hydrocarbons in which one or more hydrogen of the benzene ring have 
been replaced by the function—SO,H, called the sulphonic group. 


SO,H SO,H 
on ©, 
NO, 
Н, 
benzene p-toluene m-nitrobenzene 
sulphonic acid sulphonic acid sulphonic acid 
о о SO.CI CH, 
Qro (os -OH © 
5 SO.CI 
benzene sulphonic acid à sulphate (an ester) benzene sulpbony! chloride — p-toluene sulphony! chloride 
(carbon bonded to sulphur) (carbon bonded to oxygen) ( Hinsberg's reagent) 1597 
(tosy chloride) 
Source 
° Direct sulphonation : 
SO,H 
3 
Ер 
(©) +0. sso 
CH, CH, 
SO, 
+ —————» i 
© H,SO, 33K + o-isomer 


SO,H 


(main) 
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In the sulphonation, electrophile is SO, formed as : 
2H,SO, = SO, + H,O* + HSO, 


Although it appears neutral, sulphur carries positive charge due to resonance : 


Oo [8] Oo 
T <——> ts і 
of No oF wg No 
H H H 
єч ‘On <> s ONES о? 
Ф 8 


BA N SO? 
Ch + HSO? —> CY * 1,80, 


so? SO.H 
cy tHO —» СУ +H,0 


Properties 
Colourless crystalline deliquescent solid. 
Very soluble in water and solution is stronly acidic. 


(бу-зон по (O)-so; +10 


They are stronger acid than carboxylic acid. 


O,H “OOH 
(K, = very large) (К. = 6.3 x 107) 


Formation of diphenyl sulphone : 


0,0H SO; 
(9— © Y9 +. 


Desulphonation : 
The knocking out of sulphonic acid group from benzene nucleus is called desulphonation. 


SO,H H SOH H 
H e 
E EN © ——% + SO,H 
X 
SO,H + ОН (from water) ——> H,SO, 


The desulphonation is very useful for preparation of certain isomers which are otherwise not obtained in 
pure state. 


29 


Reactions of sodium salt of benzene sulphonic acid : 
(conversion into other derivatives) 


Ò Na OH 
Im, © NaOH бу H © 


SH SO,Na NH, 
і 


NaSH., fuse © NaSH, fuse © 
ec ——————+ 


throphenol 


P CN 
HCOONa. fuse NaCN, fuse [кеке (С) 


Source 
(a) Nitrobenzene can be reduced under different media to produce aniline and related compounds. 


© No, 54 HCl, (Onn; H,O 


NO, NH, 
+ TiCl,* HC_———> TiC, + Н.О 


CH, CH, 


NO 


(b) OL +3 NH,HS——> ar 3 NH,+ 3S + 2H,O 
NO, 


NH, HS is suitable reagent where ES one — NO, (in stages) is to be reduced. 


9" > NHHS _ 9“ * _SnCl/HCl ©" 


2,4, жеш 


Action of NH,HS and SnCL/HCI is specific . МН „Н reduces — NO, para to – CH, while SnCL/HCI 
reduces — NO, ortho to -СН,. 


HO м = HO 
alkaline Fe 


or 


NO, SnCL,HCI NH, 


Alkaline Fe** does not reduce – CHO into - CH,OH.SnCI,/HCI can also be used here. 
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+N СиО Е 
XOR МН, pressure, 437 K^ pressure, 437 K enne (OSI S 


C-Cl bond is stable, hence ammonolysis of aryl halide takes place under high temperature and pres- 
sure, However electron withdrawing group in benzene nucleus makes C-Cl bond highly reactive. 


оа ML, o, Ont 
-ZnCl, 
OH + NH, 353K? NH, + H,O 


о 
| Br./aq. N. 
Jag. NaOH, ^ O} Р 
> 4 —M———— А 
(9) (О)—©хн, Hofmann degradation ч 


When the migrating group is aryl, the rate of the Hofmann degradation reaction is increased by the 
presence of electron releasing substituens in the aromatic ring. 


в-(О)-сомн, -Овг, в-(О)-хи, 


б:=-ОСН,>-Н>-С1>-МН, 


н, D (Schmidt) | 
(o (O)-coon > zm (оу-хн+со,+м, 

М,Н, NH. A (Schmidt) ‚ . А 
(f (O)-coou аю, ла (ОУ-н, CO,+N, 


(p (O)-- 00) a gu (Оу-хн- NiO) 


azobenzene hydrazobenzene 
H., Ni 


3 
эз ais (О)-хи, 


(О) +NHoH ЕС, NH,+ H,O 


hydroxylamine 


сн, CH, 
CH, ынс unici NH.HCI NH, 
© © — = om er^ 
(i) a 
N, N-dimethyl CH, 


aniline һу drochloride 


This is called Hofmann-Martius rearrangement and alkyl group preferentially migrates to p-position and 
if itis occupied , then to o-position. 
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TOT „felacion, (O)- мнен, 


(N-methyl aniline) 


(k) (Оу мих. NHR тог n ~ 


2° amine ° amine 
CI NHCH, 
NO, = NO, 
Of + CH.NH, 09 of 
NO, NO, 
2° amine 


Some other methods are very similar to that used for aliphatic amines. 


Properties 
Physical 
. Colourless liquid/solids, but due to air oxidation, they turn brown. 
NH, 
air y 
colourless 


brown 


. Slightly soluble in water (polar solvent) but highly soluble in benzene and other organic solvents. 
° High b.p. due to intermolecular H-bonding. №, N-dimethyl aniline hs lower b.p. due to lack of H- 
bonding but molecular weight is also important affecting b.p. 


CH, 

| 1 no intermolecular 
Й 5 H-bonding possibl 
CH, 

© н 9 
^ intermolecular 
H- N H-N H- x H-bonding in aniline 
H H 
. Para-substituted aniline, being the most symmetric, have the highest melting points. Thus p-toluidine is 


solid at room temperature while o-toluidines are liquids. 
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Relations of the -NH, group 
(a) Methylation (Alkylation) 


(О)у-хи, ксн = он (оу-мнсн, 


сн 
а CHI 7 
On, N-CH,—— (оу- Ñy CH, 


CHI | 
CH, CH, 
quaternary ammonium salts 


(b) Arylation 
Arylation of aniline with C, H.Cl is difficult. 


» 473 K, pressure © LO) 
(O)-wu, (Opa Sees, -—vc > Ni 


diphenyl! amine 
OR А (Оу-мн;сг P 
x pressurc 
-NHCI 
(c) Acylation 


(O)-NH,+ CH,COcl——> (O)-Nucocn, 


N-acetyl aniline 
(acetanilide) 


Acetyl group deactivates – NH, group, whenever aniline is subjected to nitration, acetylation is neces- 
sary to protect the ring from being oxidised. 


(d) Sulphonylation 


(Oi O} o — Oiso. 46) 


benzene sulphonyl N-phenyl 
chloride benzene sulphonamide 
(Hinsherg reagent} {soluble in alkali) 


2° amine also reacts but the product is insoluble in alkali. This provides a method (called Hinsberg 
method) of separation of mixture of 1°, 2° and 3° amines. 


(e) Carbyl Amine Reaction 
Only 1° amines give this reaction when unpleasant smell of isocyanides is obtained on heating a mixture 
of alcoholic KOH, CHCI, and 1° amine. 


(O)-Nu,+ CHCI,+3 KOH 8» (OJ nc- 3KCI + 3H; 0O 


(f) 


(g) 


(h) 
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Formation of Schiff base 


Оно (B) — (б)-х-ис-(б)-*® (бу-эн 


Schiff base 


These Schiff bases are easily hydrolysed to the free amines and so their formation offers a mean of 
*protecting' an amino group (during nitration). 


Oxidation 


(С)у-хн, K.Cr.O./H.SO, o4 o 


p-benzoquinonc 


NH, NO, 
Caro's _Сагоз acid | . dil HNO, , HNO 
H, EE Lo 
NO, 
p-nitro p-nitroso p-dinitrobenzene 
aniline nitrobenzene 
Reaction with HNO, 


1° amines form diazonium salts at low temperature (273-278 К). A reaction in which — NH, group is 
converted into diazo group |. X = y) is called diazotisation. Diazonium salts are stable in cold aqueous 
solution. 

NaNO, + НСІ-272 Къ HNO, + NaCl 


(O)-Nu, + nci-23 6 ABE, (O)-NH, сг 
(O)- Nu, + HNO, -H3E, 2BK,(6) к. NC 


benzene diazonium 
chloride 


Aniline can be converted into so many other compounds through the formation of diazonium salts. 


(Opn er = es (O)-OH +N, + HCI 


Lau ©): H,PO, + НСІ 


CuCl + НСІ Cols HCl, (Gy es N, 


бамбуса 


.CuBr + НВг, (Оу-вг+ N, 


Ciim) er) 


—CuA , (Oy-a-N, 


p 


CuCN  HCN,. (Oy ew +n, 


34 


(O)-1+N, + ка 
__НВЕ, , (oy- x: BF, — (O)-F +n, +BF, 
NaNO/Cu,. (Cy ко, 


-O , Ornano 


diphenyl 


own. (O)-N-N-(O)-wit 


p-amino azobenzene 
(dye) 


More reactions are given in sec. 16.8 (diazonium salts) 


2? amines form nitrosamine (yellow oily liquid) which is stable at room temperature. However on reac- 
tion with HCl in ether and alcohol — NO group migrates to para-position (Fischer-Hepp) 


H 
oye HNO; —> OH- ji) e iR ох-(Оу-хнсн, 


єн, p-nitroso-N-mcethyl aniline 


3° amines form p-nitroso derivatives : 


HG AH, HG AH, CH a С! 

(©) +нхо, -на, © но —© 

NO NO 
(strongly p-activating) p-nitroso, 

N, N- dimethyl aniline 
N(CH.) N(CH,), N(CH,); 
"Cum NO 
e H NO 


Hydrolysis of p-nitroso derivative gives 2° amines : 


HC 
HC N-(O)-NO + но 99 on-(O)-o1n + NH 
H.C H.C 


p-nitrosophenol 2° amine 
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This provides a path of the preparation of 2° amines : 


(O)—NH, + k—» (Q)- Nik + v2 n, 


This represent acidic nature of aniline. Hypochlorous acid also reacts with aniline in which active H is 


replaced. : 
(оу-мн, + noci —> (OY NHCI+ H,O 


N-Chloroaniline 


Electrophilic substitution in benzene nucleus 
— NH, group is o, -p directing and activating group. 
:NH, @NH, @NH, темн. :NH 


— зр) > Ое СФ d Ò Paraderivative 


8 NH 
—- О) Electrophile will attack here 
: 


Hence, - NH, group activatives benzene nucleus for ortho and para-electrophilic attack. 


:NH, @NH, NH, 
H Ж 
+Y® —> Y +" 


(resonance stablised o-complex) 


(a) Bromination 


NH, NH, 


B Br 
+ 3Br, (aq) —> + MIBr, 


Br 
-NH, group is greatly activating group hence reaction takes place rapidly. However if ring is deacti- 
vated by acetylation, o-and p-iosmers are obtained. 


NH, NHCOCH, NHCOCH, NH, 
© _снсоа , „ж Om KOHC.H.OH. 4 o Ч 
acetylation =P? P 
acetanilide o- (steam volatile) 
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(b) Nitration 
Direct nitration of aniline with nitric acid gives a complex mixture of mono-,di-and tri-nitro compounds 
and oxidation products. If—NH, group is protected by acetylation and then nitrated, p-isomer is the 


main product. 


NH. NHCOCH, NHCOCH, NH, 
© 1000, CH,COCI © — ш m MOHA , A © 
хо, 
p-nitroaniline 
(c) Sulphonation 
NH, Хи, нѕ02 NHSO.H NH, 
Qes, H.SO. А © — © rearrangement © 
—— 
= —HOo 
SO,H 


p-amino benzene sulphonic acid 
(sulphanilic acid) 


Like antranilic acid, sulphanilic acid also exists as Zwitter ion due to internal neutralisation. 


NH, NH 

SO,H So? 
Zwitter ton 
(dipolar ion) 


Distinction between Aliphatic and Aromatic Amines 


Diazotisation Diazonium salt is formed —NH is replaced by - OH 
(reaction with HNO,) (Ом; 
which forms azo dye with 


phenolic compounds. 


can be halogenated, 
sulphonated, nitrated. 


less basic than CH,NH., NH. more basic than NH, 
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Phenolic compounds 


Phenols are the compounds of the general formula ArOH, where, Ar is phenyl or substituted phenyl. 
Phenols differs from alcohols in having the -OH group attached directly to an aromatic ring. 


5 б“ & б” б, © 


phenol o-cresol catechol salicylic acid resorcinol resorcinol 


Source 
. From Cumene (Isopropyl benzene) 


О + CH,CH,CH,C1 at (0) енен 
CH 


(Cumenc) 


Oren CH=CH _ aia, 7 m 


о H f H, 
О,Н` 
cucu, + 0 O 
CH, 
acetone phenol cumene hydroperoxide 


* Hydrolysis of Diazonium salts 


Diazonium salts are obtained from aniline and its derivatives by a process called diazotisation. 


NH, N.CI 
Q _NaOH, + HCL + HCl Qi rne, H’. H.O. А Ф +N,+HCI 
373K K 
CH, CH, 
m-toluidine 


* Alkali Fusion of Benzene Sulphonic Acid salts 


SO.Na OH ONa 
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+ Hydrolysis of Aryl Halides 

Halogen atom attached to benzene nucleus does not give S, 2 reaction since СХ bond is stable due to 
resonance. However, in presence of electron withdrawing group in o- and p-positions, S, reaction is 
favoured and phenolic compounds are formed. 


1 H 
А Маон 
—— К) s 
no reaction high, temp, pressure (Dow's process) 
1 H Ма 
чо, МО, NaOt NO, 
> NaOH Et a 
S. » HCI 
1 н 
NO, . NO, 
` {i) NaOH E 
(ii) HCI 


* Distillation of Phenolic Acids 


H H Na H 
COOH .. ; 
NaOH сай NaOH H 


Salicylic acid 


* Oxidation of Grignard Reagent 
MgBr 
MgBr ,MgBr OMgBr H 


о, y 


MIDDLE OIL OF COAL-TAR DISTILLATION 


Middle oil of coal-tar distillation has naphthalene and phenolic compounds. Phenolic compounds are 
isolated in following step : 


Step-1 : Middle oil is washed with H,SO,. It dissolves basic impurities like pyridine (base). 

Step-I : Excessive cooling separates naphthalene (a low melting solid) 

Step-III : Filtrate of step II is treated with aqueous NaOH when phenols dissolves as phenoxides. 
Carbon dioxide is then blown through the solution to liberate phenols. 


(О)-он + NaOH —> (О)-омһ +H,O ©©-но, (on + Na,CO, 


Saved /storage/emulated/0/Pictures/TouchShot/ 
20170809 004700.) 


—_—_ — 0.0. mm 


39 


phenol 
Crude — fractional, 


— о. m. p-cresols 
phenols distillation P 


484 — SOS К 


xylothydroxy xylenes) 


Properties 
Physical 


Simplest phenols are liquids or low-melting solids. 

They are capable of forming intermolecular H-bonding among themselves and with water. Thus, 
— they have high b.p. 

— they are soluble in water, 


$6 6 $6 6 
H -O----1 — O ----H - O ----- Н -O-—- 
6 à8 5 6 


(intermolecular H-bonding among phenol molecules) 


H H 
$ $ "X0 Cer | S: 
H-O--H-O-—H-O0-—H-O---- 
^ 6 
(crossed intermolecular H-bonding between water and phenol molecules) 


— due to intermolecular H-bonding and high dipole moment, m.p. and b.p. of phenol are much higher 
than that of hydrocarbon of comparable molecular weights. 


Solute mol. wt. b.p. m.p. 
phenol 94 g mol" 455 К 314K 
toulene 92 g mol' 384K 178 K 


Comparison of properties of nitrophenols 


o-nitrophenol 373 К 6 volatile in steam 


p-nitrophenol decomposes non-volatile in stem 
m-nitrophenol 467 K non-volatile in steam 


From the above table , it is clear that o-nitrophenol has much lower b.p. and much lower solubility in 
water than its isomer and is only steam-volatile. 


— mand p-isomer have high b.p. because of intermolecular H-bonding and high solubility in water is 
again due to crossed intermolecular H-bonding with H,O. 
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o-isomer has intramolecular H-bonding due to which association with different molecules decreases 
hence, b.p. is low giving volatile character to itand also H-bonding with H,O molecules is not possible 
which makes it water soluble to a very small extent. 

— Steam distillation depends upon a substance having an appreciable vapour pressure at the b.p. of 
water ‚Бу lowering the v.p., intermolecular hydrogen bonding inhibits steam distillation of the m-and 
p-isomer. 


Os y0 -H-0 


eH — A as a 


intermolecular hydrogen bonding in p-nitrophenol molecules 


" но 
© Oe: 


ot i 
intramolecular hydrogen bonding chelation in 
in o-nitrophenol (chelation) o-hydroxybenzaldehyde 


ACIDITY OF PHENOLS AND EFFECT OF SUBSTITUENTS ON IT 


H К o H 
+OH —» +H,0 © H.CO, — Ò +H,O 


stronger acid weakter acid stronger acid weaktes acid 


Phenols are converted into their salts by aqueous NaOH, but not by aqueous bicarbonates. The salts 
are converted to free phenols by aqueous mineral acids (НСІ, etc.,) carboxylic acid or carbonic acids. 
Phenol is more acidic than alcohols but less than carboxylic acid. Enhanced acidity of phenol is due to 
(a) polar effect (b) resonance effect. 
resists cleavage 
-H H-O-R 
(alcohol) 
(phenol) 

easily 

leaved 
C,H, - (phenyl) group is electron-withdrawing and phenoxide ion is more resonance stabilised than 
phenol, hence following equilibnum is displaced towards the right where stable phenoxide ion is formed. 


G) i б oe o9 б: 
OD dp 9-6-6 
я 
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Alkoxides are stabilised neither by resonance nor by the polar effect of benzene rings or double bonds. 
$; 
+e cyclohexanolate anion 
(no polar or resonance effect) 


* Electron-attracting substituents like -X, or -NO, increase the acidity of phenols and electron-releas- 
ing substituents like -CH, decrease acidity. 


H 5 
4 G withdraws electrons, 
—H + @ stabilises ion, increases acidity 
G G 


G :- NO. -X. - NR, . - CHO.-COX, ~ СООК, -CN 


H O5 
: G releases electrons, 
=H + © destabilies ion, decreases acidity 
G G 


G : - CH, -С.Н, 


K, (acidity constant) and pK, of different substituted phenols are given in table. The marked lower 
acidity in case of meta-isomer is explained by the fact that m-nitrophenoxide ion is stablished by induc- 
tive effect only and no resonance effect operates with – NO, group. 


c » 
( | Ф € Э | ) © по other resonance with x3 NO, group 
N о і о 


| - 
o? Ф 
* Reactions іп which phenol is a source of active Н аге: 
(О)—он +Na——> (O)—oNa *12H, 
(Q)—on + ЕМЫ —> (o- OMegl + RH 


FORMATION OF COMPLEXES WITH Fecl, 


Phenols form coloured iron complexes when related with neutral FeCl, solution. The formation of iron 
complexes is attributed to the existence of keto-enol tautomerism in phenols. Phenol predominantly 
exists in enolic form, hence colour formation is used to identify phenols. 


H 
Е 
enol keto 
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H $ 
6 + FeCl,—> 3H + | Ее [ ) * 3HCI 
6 


enol 


Other Reaction of -OH Groups 


This is called Williumson’s synthesis. The phenoxide ion is a nucleophile and will replace halogen of the 
alkyl halide. 


(О)-он +CHN, ә (О)-осн, +N, 


anisole 
Oo о 
(О)-он „снае О-о, 
(С H,CO),0 phenyl acetate 


Ora: Ola + OAO 


phenyl benzoate 
н е, 
NL О +но 
oxidation > 
о 
p-benzoquinone 
(or quinone) 
H о 
лон — (asmo 
OH o 
quinol quinone 
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ELECTROPHILIC SUBSTITUTION IN BENZENE NUCLEUS 


—OH group is o- and p-directing and activating group for SE reactions. 


e0-H — 490-H 


á 
OH 
CN Eu* (ekctrophile} can attack at o- and 
Qe p-sites hence -ОН group is o- and 
p- directing and activating group 
DJ 


5-8-8 ngi 


aE ae by resonance 
(c-complex) 


HALOGENATION 


With excess of Br, solution : 
Br, * Br, ——» Br* * Br, 


OH H 


Br Br 
*si —ә 


Br 
2, 4. 6-tribromophenol 


H 
+ pr, CS: 9r HC, 
С 2BK ^ 


o-bromophenol NR O 
(main) 


In presence of NaOH, phenoxide ion is formed which is more reactive than phenol towards electrophilic 


aromatic substitution. 
M ӘУ ху 
NaOH 
б заръ ср д 
Bry) 
c-complex 


(ncutral) 
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* Sulphonation 
Н,50, + H,SO, = SO,H* + HSO; + H,O 


—— 


ut 


"m sulphonic "E 


At room temperature , ortho-isomer while at 373 K the para-isomer is the main product. 


* Nitration 
—OH group is activating group, hence, nitration is possible with dil. HNO.. 


HNO, + HNO, = NO, + NO, +H,0 


ORE TOR © 


шее 


HNO, is oxidising agent and may lead to cleavage of benzene ring hence, further nitration is done 
carefully. However ring can be deactivated by sulphonation and then nitration will give picric acid in 


better yield. 
H H H - 
SOH mo, ©; NO. 
-HS0,— —— 
SO,H NO, 
2, 4, 6-trinitrophenol 
(picric acid) 
* Nitrosation 


HNO, + H,SO,  NO* HSO, + H,O 


H H H 
NO 
+ — + 
NO, 


А р- 
nitrosophenol (90%) 


Nitrosophenol can be oxidised to— NO, by HNO,; this provides a path of preparing nitrophenol. 


H H 
NO NO 
HNO, 
———> 
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* Alkylation (Friedel-Crafts Reaction) 


Na H 
CH, и CH 
_NaQH y CHI I 3 H 3 
“benzene “АКЫ” 


о- and p- o- cresol 
CH, CH, 
| 70% H.SO, 
OH + CH, - C- OH 9 Н;С - {O} on +H,O 
| 1 
CH, CH, 


p-tert-butyIphenol 


* Acylation (Friedel-Crafts Reaction) 


H ra н 
BNET" COCH, 
ECHEC =» and р- 


o-acety phenol 


Intermediate of this reaction is CH е = (acylium ion). 


* Fries rearrangement 
When esters or phenols are heated with AICI,, the acyl group migrates from the phenolic oxygen to an 
ortho or para-position of the ring thus, yielding a ketone. This reaction is called the Fries rearrangement 
and appears to involve generation of an acylium ion, КСО“, which then attack the ring as in ordinary 
Friedel-Cracft acylation. 


c. H. н О 
_©н,СОС!, Mh, bc Н, 
+ p-isomer (non volatile) 


o-hydroxy phenyl 
ethyl ketone (volatile in steam) 


* Claisen rearrangement 
OCH;CH = CH, OH 


‘mk H.CH = CH, 
——————35 
(diphenyl ether) 


allyphenyl o-allyl 
ether phenol 


This is the arrangement of allyl ethers to allyl phenols, Allyl group migrates to ortho-position. If ortho- 
position is already occupied, para-isomer is obtained. 


. 
OCH.CH = CH, OH 
H.C. J , CH, aps MC CH, 
I s, 
CH,CH ~ CH, 
LJ 


Inthis Claisen rearrangement, carbon which gets attached to benzene nucleus is vinylic and not allylic. 


46 


* Coupling reactions (Azo dye formation) 
Phenol reacts with aryl diazonium salts in presence of alkali at low temperature to form form azo dyes. 


m 
(Q)-xo«(B)-ov найн» 0) мм (Bo 


p-hydroxyazobenzene 


„ы 15 fi) NaOH, 330ок 330K 
(O)-N=N сажи (O) ак» NN 


B-naphthol бод 
* Reimer-Tiemann Reaction 
OH OH OH 
(i) aq. NaOH, 330K CHO 
(a) © +снс n ” Of " 
salicyaldehyde CHO 


(steam volatile) 


A substituted benzal chloride is initially formed, but is hydrolysed by the alkaline medium. 
OH 


o о OH 
© CHCI,. OH” ©“ OH” oni H G^ 


OH 


OH 
: COOH 
i) aq. NaOH, Of 
ЖОК U ^ 
0- 


* Kolbe reaction (Carbonation) 
Treatment of the salt ofa phenol with CO, under pressure brings about substitution of the carboxyl 
group, -COOH, for hydrogen of the ring. This is called Kolbe reaction. 


Na Na Na 
OONa н соон 
+со; 400 К, 4-7 atm. H 
salicylic acid 


This provides a path of conversion of phenol into hydroxy carboxylic acids. It seems likely that CO, 
attaches itself initially to phenoxide oxygen rather than to the ring. 


Na ol ONa OH 
"OONa 
сос? — 


At high temperature (525 — 575 K), p-isomers is obtained. 
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= оў f" COO, d ООН 
Oan ре ъс 


H-atom attached to the ortho-position combines with phenoxide oxygen. 


Salicylic acid is used to prepare aspirin, salol and picric acid : 


буе ? i 
19 о O -CCH, 
М i C-o-(O) On MN COH cHCCI or 
ырк ся 
| Со; aspirin 
phenyl salicylate (salol) H 
ON NO, 
NO, 


* Gattermann Reaction (Formylation) 
он он 


ZnCl, CHO 
+ HCN + НСІ “ho 


This reaction is used to prepare aldehyde when activating groups like -OH, -NH, are present. 


HCN + НСІ  CI- СН = NH 26, н. NH + ZnCl; 


'H- NH CHO 
SOHO, 


* Condensation Reaction 
(a) Condensation of phenol with HCHO in presence of acid forms bakelite. 


H H H H H 
CH.OH e CH, сн, CH,- 
—É ` +p. HCHO 
CH, CH, CH, 
E 


o-hydroxy 
benzyl alcohol 


bakelite 


(b) Condensation of phenol with phthalic acid in presence of concentration H,SO, forms phenolphthalein 
(an indicator) which gives pink colour with NaOH (phthalein test of dibasic acid) 
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i - OH C 
GC s C te 
B OH C 


о 
phthalic acid 
OO) 
= zi OH OH 
OH OH phenolphthalein 


S.No.| Test 


Neutral FeCl, 
Azo dye test 


Phthalein test 
Litmus test 
lodoform test 


° Sandymeyer Reaction 


violet colour 
with benzene diazonium chloride is 


(Оу-х=х-а+(Оу-он 


мон 273K 


(O)-N-N (O)-on 


is given 
tums blue 
not given 


CH,CH,OH 


no reaction 
'e formation 


Nucleophiles suchas СМ, СГ ete., replace the diazonium group if appropriate cuprous salt is added 
to the solution containing diazonium salt. 


(Ojer SH (S) er 
(o мга Cu HON, (Оу T 
(Oo) Nc SER HEN, (O)-en +N, 


Sandmeyer reaction involves: CuCl + СГ — CuCl, 


(Ops «cvi 388 — (Оу +, + CuCl 
(OJ ++ cuci, — (O)-c1+ aa 
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Gattermann Reaction 


Other Replacment Reactions 
N, CI N,CI NO, 


НВг, NaNO,, Cu 
———. шш. +N, + NaBF, 


CN 


KCN, Cu 
———» * N,* KCl 


CN 
K,[Cu(CN AR +n 
OH 
HOA „у исү, 


H,PO, + H.O 
————— 
or 
CH,CH,OH 


+N, + HCI + НРО, 


NH, 


Мами, +NaCl+N, 


Gomberg Reaction 


(Oy Ne (O+ мо, 209, (OHOJ NO; +N, + NaCl + H,O 
ee NaOH 
Br N, Cl 0) Вг (О) (О) +N, + NaCl + HO 


Coupling reaction 
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Diazonium salts undergo coupling reactions with phenols, naphthols and aromatic amines to form highly 


coloured azo-compounds. 


Arene diazonium ions acts as weak electrophiles in (aromatic) electrophilic subtitution. The products 
have the structure Ar - N = N - Ar, containing the -N = № —azo linkage. Thus products are called azo 
compounds and reactions is called diazo coupling. Because diazonium salts are weak electrophiles, they 


react only with strongly activated ring (such as phenol, aniline). 
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N=N-C — — N=N 

@©)-х-э-а. @у-о-оә(буз-х-(бу-о 
н. 

Qo 
`н. 


In general : 


(-xer«)-«—À Qo 


(Gis strong electron-releasing group : OH, NR,, NHR, NH,) 


Coupling with benzene substrates occurs preferentially at the less sterically hindered p-position to the 
hydroxy or amino group, but if this is blocked, then o-coupling occurs. 


н Ө 


couples does not couple 

Oyo 4. Oran 
OH 

couples does not couple 


NH® 


NH, NH, 
TY H 2___ Ме <— This positionis — 
This position is ——> activated for coupling 
о OH 


activated for coupling OH 


Azo compounds, like alkenes, can exist in cis and trans forms and because of steric strain, the trans- 
isomer is more stable than cis-isomer. 


Qos QV 
rey а 


trans-azobenzene cis-azobenzene 
Azo compounds bring two substituted aromatic rings into conjugation with an azo group, which is a 
strong chromopphore (a functional group absorption of light/colour). Thus most azo compounds are 
strongly coloured and they make zo dyes. 


0N-(O)-N =N: Э. oN-(O)-N =N x 


para-red 
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alizarin yellow 
Diazo coupling often takes place in basic solutions since due to deprotponation of the phenolic -OH 
group or benzene sulphonic acid and carboxylic groups, activate the aromatic ring for S, reaction. 
Common azo dyes have sulphonate/carboxylate groups to enhance solubility of the azo dye in water 
and to help bind the dye to the polar surface of common fibres such as cotton and wool. 


CARBONYL COMPOUNDS 


CHO COCH, CHO 
OF HO 
OH 
benzaldchyde acetophenone salicylaldehy CH 
(oil of bitter almonds) p-tolual dehy РА 
о 
11 
(9-549) 
benzophene 
Source 
° From Toluene 
CH, сис, CHO 
© CLA @ Н.О, 373 К © 
А 
CH(OOCCH,). 
H,O, H° 
CIO.CLEtand) a 
. Rosenmund Reaction 
COCI CHO 
Pd-BaSO ч 
a catalyst moderator жа 
NO, NO, 


. Acyl chlorides can be reduced to aldehyde by treating them with lithium tri-ter-butoxy aluminium hydride, 
LiAIH(OC(CH,),],. at 195 К. 


о 
It 4 Ф LiAIH[OC(CH,) J. 


0 
x H 
(oy кое diethyl ether, 195 К (6f e 
————————————————— 
(ii) H,O 
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The reduction is brought by the transfer of a hydride ion from the aluminum atom to the carbonyl carbon 
of the acyl chloride. Subsequent hydrolysis frees the aldehyde. 


Reimer-Tiemann reaction is used to prepare phenolic aldehydes 


OH OH 
А CHO 
+ CHCl, + 3KOH (ag) ——> * 3KCI - 2H,0 
o 
{and p-) 
Friedel-Crafts Acylation 


„Н, COCH, 
C,H.COCI © CH,COCI © 
AICI, AICI, 
| (CH,CO}0, AICI, 1 


This reaction cannot be used on strongly deactivated aromatic systems. 


Gattermann-Koch Reaction 


CHO 
AICI, 
(О) + CO + HCI — + HCI 
CDO 
AICI, 
© + CO + DCO -> + HCl 


Thus, НСІ (reactant) and HCI (product) are different. H of HCI (reactant) and CO appear in the form of 
-CHO in the benzene nucleus. It is confirmed by the fact that using isotopic DCI instead of HCI, would 
form -CDO and not -CHO. This reaction also succeeds only with benzene and activated benzene 
derivative, 


Gattermann-Aldehyde Synthesis 
CHO 


AICI, | 
© +нсм+нсі+ H,o——» (О) + NH.CI 


Stephan Reaction 
CN CH=NH CH = NILHCI CHO 
© $пС1„/НС1 SnCL/HCI © snc, 0» 


һә 
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Grignard Reagent 
МәВг P CHO 
НСОС „Н, 
ЕЕ: 


Oxidation of Benzyl Chloride 


Pb(NO,). ФО 
(Оу- сна ш» (O)- сн -о N^ —> (Q)- cito + mo, 
| No T 
H 


Using Diazonium Salts 
Ф F H.O 
(Os = NCI +CH,=NOH ——›(О)-сн = МОН» (Оу-сно 
formaldoxime benzaldoxime 


MnO, 
(Оу-сцон ——>(0%- CHO 


Properties 
Physical 


C,H,CHO isa colourless liquid with smell of bitter almond, sparingly soluble in water but readily in 
ehtanol and ether. 

C,H,COCH, is crystalline solid and is steam volatile; soluble readily in ethanol and ether but sparingly 
soluble in water. It produces natural type of sleep when administered orally. 

Ortho-quinones, particularly ortho-benzoquinone are less stable than their para-quinone isomers. It is 
due to the fact that in ortho-isomer, the C = O bond dipoles are nearly aligned and these have a repulsive 
destabilising interaction. In para-isomers, these dipoles are farther apart. 


d tii 


o-benzoquinone l 
(bond dipoles nearly aligned) 


Chemical 


p-benzoquinone 
(bond dipoles farther apart) 
Aromatic carbonyl compounds with following structure 
о R=H 
| 
(o А = CH (alkyl) 
= C,H.(aryl) 


Conjugation of the carbonyl carbon with the aryl ring reduces the electrophilic reactivity of the carbonyl 
carbon atom due to delocalisation of x-electrons. Hence, aromatic aldehydes and ketones are less 
reactive than aliphatic classes. 

Benzaldehyde, like aliphatic aldehydes, reduces Tollen's reagent (silver-mirror test). However, it does 
not reduce Fehling's solution. (a distinction from aliphatic class). 
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They show elimination and addition reaction of aliphatic classes. 
>C=0+H,NG——>>C=NG+H,0 


OH 
2C-0*HCN— OCC 


However , acetophenone does not form bisulphite complex, probably due to steric hindrance. 


(O)—cocn, (О)—сно cng 


no reaction «€—————————— Na HWSO,_-: ——> m 
SO,Na 


Benzaldehyde can react with hydrazine to form benzylideneazine. 


Oxidation 
(o CHO « o, X» (O)— соон 
| Tollen's reagent ^ 
Reduction 
(o CHO +29 40H, (О)—снон 
| ШАН, — 4 Benzyl alcohol 
+(e «an. (O-O) 
OH OH 
pinacol (hydrobenzoin) 
сосн, 299 / conc НСІ (o— CH.CH, 
Clemmensen ы 
(i) NIGNH, 
(ii) glyco ОН” (Wolff-Kishner) 
Cannizzaro Reaction 
CHO CH.OH — COONa 
2 + NaOH —— - 


* It is given by those aldehydes which do not have Н at a-carbon, and also by HCHO. 
* It is a disproportionation reaction. 
* Benzoin condensation 


When benzaldehyde is heated with aqueous ethanolic NaCN or KCN, it dimerises to form an a- 
hydroxy ketone ketone called benzoin, and reaction is called benzoin condensation. 


It involves self condensation of an aromatic aldehyde in the presence of CN as catalyst. 
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H 
CN”, H.O | 
-H- С=С 
O- 1 спон Of- 
OHO 
It resembles Aldol condensation of aliphatic aldehyde in which a—H condenses, but -CHO group is 


free. 


H 
| 
CHE +H tub S9 enguencno 


о H 
PERKIN REACTION 


Itis the condensation reaction in which aromatic aldehyde is heated with an anhydride of an aliphatic 
acid іп the presence of sodium salt of the same acid form a, f}-unsaturated acid. 


о о 
`Н,СООМ; a 
(О)-сно+ сњ -0 leu, 990% (y. 81 -Eucoon + си соон 


acetic anhydride cinnamic acid 


However, with cylic anhydride (succinic anhydride), B, y-unsaturated acid is formed. 


CH.CO 
CHCOONa 
(OY сно+ | Уо : CONE, (у „е CHCH,COOH 


| H,CO 
. Witting Reaction 

It converts the carbonyl group of a ketone or aldehyde into a new double bond on reaction with 
phosphorus ylides. 

R o 9 R 

g^ C70 + Ph-CH,——9 p? C=CH,+ PhP =O 

phosphorus 
carbonyl ylide 


compound 
® H 
(0)--о+т?-с6 —› C=C 
H H 
H 
Mixture of cis and trans-isomers often result when geometric isomerism is possible, 


(O)-cuo + HN-XO)—> (OJ cu = № Xo» 


Schiff's base 


OH 
1) ether | 
(O)- cio + cH, = cui — CHCH = CH, 


(ii) H,O 
I-phenyl-2-propen-1-0] 


NaBH,CN 
(O)-cuo- CH,CH,NH, — > SS? (O)-CH.NHCH,CH, 


N-ethylbenzylamine 


Reactions of Benzene Nucleus 


-09 n-c-o9 H- E ad H-C-O  H-C-O$ 
D» Eu (electrophile) 
«—» = JS m-sites 
^ 


CHO CHO CHO 
ISO, HNO, 
SO, H,SO, 
SO,H NO 
[Bure 
CHO 
Br 
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BIOMOLECULES (CARBOHYDRATES) 


Carbohydrates (hydrates of carbon) are naturally occuring compounds having general formula C, (1 LO), 
which are constantly produced in nature & participate in many important bio-chemical reactions, 


Ex. Glucose C,H,,0, C, (H,0), 
Fructose C,H,,0, C, (H,O) 
Celluloseand Starch | (C,H,,O.), 


Sucrose (Cane sugar) - C,,H,,0,,, and Maltose (Malt Suger) С ,(Н,О),, 


But some compounds which have formula according to C (H,O), are not known as carbohydrate 
Ex CH,O Formaldehyde 

C,(H,0), Acetic acid 

C,(H,0), lactic acid 


There are many compounds, which shows chemical behaviour of carbohydrate but do not confirm the 
general formula C,(H,0), such as - C,H,,O, Q-deoxyribose), C,H,,0, (Rahmnose) 
C.H,,0, (Rahmnohexose) 
Modern definition of carbohydrate: Carbohydrates are polyhydroxy aldehyde or ketone 
or 
Substances which yield these (polyhydroxy aldehyde or ketone) 
on hydrolysis 


H* /HLO 


Carbohydrates >", Poly hydroxy aldehyde or ketone 
Carbohydrates are also known as Saccharides. 


CLASSIFICATION OF CARBOHYDRATES 


Carbohydrates 
Sugar Non Sugar (Polysacch.) 

Sweet in taste, crystalline & soluble in water taste less, amorphous solid 

(non crystalline) insoluble in 
; | ' water 
Monosaccharides Oligosaccharides These yields many sweet 

monosacch. on acidic hydrolysis 

Aldose Ketose — Disacch. Trisacch. Tetra (CoH)20s),+nH,0 nC, Hi30; 

Sucrose, maltose Кейпоѕе 


lactose 


Monosaccharides : (simple sugars) 
These are the sugars which cannot be hydrolysed into smaller molecules. General formula is С.Н, О, . 
Ex. - Glucose, Fructose, Ribose 


Oligosaccharides : 

These are the sugars which yields 2-10 monosaccharides units on hydrolysis. Such as. 

(a) Disaccharides: Twomonosaccharide unit on hydrolysis (may or may not be same). 
Ex. - Sucrose, Maltose 

(b) Trisaccharides: Three monosaccharide unit on hydrolysis. 


Polysaccharides : — These are the non sugars which yield a large no of monosaccharide units on 
hydrolysis General formula - (СН 405), Ex.- Starch, Cellulose. 


Note :- A group of polysaccharides which are not so widely used in nature is pentosans (С.Н,О,), 
Monosaccharides, General formula C, (I LO) x= 3 — 8. Nomenclature of monosaccharides are given 
according to the no. of carbons present in them. 


If -CHO group is present in monosaccharide, then it is known as aldose. 
If C — group is present in monosaccharide , then it is known as ketose. 


Aldoses Ketoses 
3C Tropose or Triose Aldotriose Ketotriose 
4с Tetrose Aldotetrose Ketotetrose 
257 Pentose Aldopentose Ketopentose 
5C including -CHO Aldopentose (Ribose) | + On 
To 
H— e —OH 
CH,OH 


5C including — C — Ketopentose Pam (Ributose) 
| С=О 


| 
H—C—OH 
H—C—OH 

CH,OH 


6C Hexose Aldohexose Ketohexose 


CHO 
н-С-он 
HO-C-H 
6C including -CHO Aldohexose(Glucose) H- c -OH 
н-С-он 
Сн,он 
D- glucose 
CH,OH 
c-o 
но-с-н 
6С including — C – Ketohexose (Fructose) E r "e 
[| H-C-OH 
о | 
CH,OH 


D - fructose 


STEREOCHEMISTRY OF CARBOHYDRATES : 


D & L-Sugars : The series of aldoses or ketoses in which the configuration of the penultimate C-atom 
(C-next to CH,—OH group) is described as D-sugars if -OH is towards RHS & L-sugars if it is towards 


LHS. 
Smallest carbohydrate Aldotriose CHO Glyceraldehyde 
| 
CH - OH 
| 
CH,OH 
Fischer projection CHO CHO 
H OH HO H 
CHOH CHOH 
D-Glyceraldehyde (+) L-Glyceraldehyde (-) 
Fisher formula of compounds containing many asymmetric carbon. 
CHO 
a, b, 
b. ay 
as b, 
bs а; 
CH,OH 
Classification of Aldotetros : (i) Erythrose 
(11) Threoese 
" CHO CHO CHO 
CA H OH HO H H H 
H OH H OH H H 
CHOH CILOH CHOH 
D-Erythrose D-Threose L-Erythrose 
С-5 CHO CHO 
1 
(CHOH), (CHOH), 
H—1— on HO H 
CHOH CHOH 
D-Aldopentose L-Aldopentose 
No. of C* =3 (inAldopentose) 
No. of optical isomers 2? = $ 
No. of D Sugars 4 
No. of L Sugars B 
D-Aldopentose : 
CHO CHO CHO CHO 
H OH H OH HO H HO H 
H OH HO H H OH HO H 
H OH н он H OH H OH 
CH,OH CHOH CHOH CHOH 
(b (n) (ш) (IV) 


All Isomeric D-sugars are diastereomers. 


H 
HO 


CHO 


E 
H 
CH,OH 


L-Threose 


Aldohexose : CHO CHO 


H OH 
No. of C* - 4 H H p ce 
No. of stereoisomers = 2% = 16 ii o 
No. of D-sugars = 8 но H 
No. of L-sugars = 8 ‚ ] OH HO——H 
CH,OH CHO 
D-Glucose L-Glucose 
The D-family aldoses 
CHO 
| 
H-C-OH 
| 
CH,OH 
i io 
CHO CHO 
| | 
H-—C-OH HO-C-H 
| | 
H-C- OH H-C-OH 
| | 
CH,OH CILOH 
D-erythrose D-threose 
CHO CHO CHO CHO 
| | | | 
H-C-OH HO-C-H H-C-OH HO-C-H 
| | | | 
H-C-OH H-C-OH HO-C-H HO-C-H 
| | | | 
H-C-OH H-C-OH H-C-OH H-C-OH 
| | | | 
CH,OH CH,OH CH,OH CH,OH 
D-ribose D-arabinose D-xylose D-lyxose 
E^ E SR IAM ME pk 3 S ч. 
CHO CHO CHO CHO CHO CHO 
| | | | | CHO CHO 
H-C-OH HO-C-H H-C-OH HO-C-H H-C-OH HO-C-H H i OH HO 4 H 
| | | | | | МЕ" Ed 
H-C-OH H-C-OH HO-C-H HO -C-1 H-C-OH H-C-OH e. = — = 
| | | | | | 
H-C-OH  H-C-OH H-C-OH  H-C-OH HO-C-H HO-C-H -—— эчү ке 
| | 


| | | | | | 
H-C-OH H-C-OH H-C-OH H-C- OH H-C-OH H-C-OH H-C-OH H-C-OH 


| | | | | | | 
CH;OH CH,OH CH,OH CH,OH CHOH CH,OH CH,OH CH,OH 


D(*)allose D(+)altrose D(+)glucose D(+)mannose D(-)gulose D(-Jidose  Dí(*)galactose — D(+)talose 


Epimers: A pairof diastereomers that differ only in the configuration about of a single carbon atom are 
said to be epimers. D(+)-glucose is epimeric with D(+)- mannose and D(--)-galactose as shown below. 


Epimers "3 p[- 5 —] 
CHO CHO CHO 
a-C-on — Ü,'À-ClOR HOTCH, 
HO-C-H HO-C-H HO-C-H 
6 Cd 77 ii-é ON u-c-oü 
H- C- OH H-C-OH нон 
dtou CHOH Сион 
D(+) galactose D(+) glucose D(*) mannose 


| C А 15 epimeric carbon | | C, is epimeric carbon | 


Another example with C, epimeric carbon is 


HO CHO 
H H H H 
H H H H 
H H & H H 
CH,OH CH.OH 
D-ribose D-arabinose 


Anomers: Anomers are the stereoisomers which differs at a single chiral centre out of many & are ring 
chain tautomer of the same open chain compound. 

The two sugars that differs in configuration only on the carbon that was the carbonyl carbon in the open 
chain form is called as anomers о glucose and В glucose are known as anomers their equilibrium mixture 
contains 36% a—D- glucose , 63.8 % p-D-glucose and 0.2 % open chain form. 

C, Carbon is known as anomeric carbon. 


Haworth suggested to write o glucose and В glucose in pyran structure @ 
О 


CHO 


CH,OH CH,OH CH,OH 


a-D-glucose D-glucose (open structure) B-D-glucose 
(sp rotation 112°) (sp rotation 19°) 


Saved /storage/emulated/0/Pictures/TouchShot/ 


20170809 004949 | 


* ane 


CH,OH CH,OH 
: о | О 
н H H HAH OH 
HON он ^ HON он HAH 
H OH H OH 


Haworth formula 


Haworth formula 
D-D-glucopyranose 


«&-D-glucopyranose 


Anomers are epimers but epimers may not be anomers. 
CYCLIC STRUCTURES OF MONOSACCHARIDES 


Many five membered and six membered monosaccharides occur in cyclic form. Cyclic structures of 
monosaccharides are established by many experiments. The cyclic structure is due to intramolecular 
hemiacetal formation between aldo / keto group and OH of any one carbon. The ring formed are 
generally six membered (pyranose) or five membered (furanose). Each cyclization results in creation of 
anew asymmetric centre apart from the existing ones. The isomers resulting from cyclizations are called 
anomers. Example, when D-glucose (open structure) cyclise, it gives a-D-glucose and p-D-glucose. 


Haworth projection : 
Many of monosaccharides form cyclic structures. The actual structure is almost planer and be represented 
by Haworth projection, which is a way of depicting three - dimensional cyclic structure. 


Rule -1 : In a Haworth projection draw a fisher projection in which ring oxygen is in a down position. 

Rule -2 : Imagine that carbon chain of fisher projection is folded around a barrel or drum, which 
provide a ring lies in a plane L to the page. 

Rule -3 : Now plane of ring is tumed 90? so that anomeric carbon is on the right and the ring oxygen is 
in the rear. Obtained projection is a Haworth projection. 

Example : (D-glucose) 


H OHH OH 


Projection : 


Hawarth projection 


= Chair conformation of D-glucose 


Chair forms of (conformation) a and B D-Glucose : 


CH;0H 
СН,ОН 0 
р OH = О OH 
H anomeric о 
OH : 
Ho carbon OH 
OH 
B-D-Glucose (most stable glucose form) all groups are equatorial. 
CHOH 
CH;OH^O ii О 
= == OH 
H *———— anomeric о 
carbon Өн 
HO OH 
OH 


a-D-Glucose —OH group at anomeric carbon is axial. 


Mutarotation 
CH;OH но, CH;OH 
HO acid HO - 
oH or basc 
HO оп но 
Q-anomer [-anomer 
Specific rotationofa glucose + 112° Specific rotation of [3 glucose + 19° 


Equilibrium mixture [a] p= 52.5 degree mL g’ dm! 


Fresh a-glucose ————> 52.5 «——— Fresh B-glucose 
112° 36 % a glucose 19° 
63.8 % B glucose 


When pure a-D glucose is dissolved in water its specific rotation is found to be +112° with time, 
however the specific rotation of the solution decreases ultimately reaches stable value of +52.5°. When 
В D-glucose is dissolved in water, it has a specific rotation of 19°. The specific rotation of this solution 
increases with time also to + 52.5 °. 

This change of optical rotation with time is called mutarotation. It is caused by the conversion of a and 
В glucopyranose anomers into an equilibrium mixture of both. Mutarotation is catalyzed by both acid 
and base, but also occurs is even in pure water. Mutarotation is characteristic of the cyclic hemiacetal 
form of glucose. 


Mutarotation occurs first by opening of the pyranose ring to the free aldehyde form. 


CH;OH 
H,0° or OW- 
^w 


HO S 
HO 
HO OH 
c-anomer 
CHOH н;о*, o 
Ol closing of bemiaceta 
HO Б __ ац 
о 
HO 
B-anomer 


Structure of fructose 


CH,-OH HO-C-CH;OH 
HOH,C-C-OH І lo 
2 со HO-C-H 

O 


| “неон © H-C-OH 
H-C-OH i Con xi 
= CH,-OH Y 
H 


(x fructose В fructose (more stable) 


Ring structure of fructose C, Pyranose structures 6 membered ring, C, — C, linkage 


н 
с—0о CH,OH H 
H р : 
NES ` 
H н он 
Ka E vi p 
OH C —— —(/ OH VH qu 
ou H ore — e^ њон 
Chair conformations OH H 
СНОН он 
OH 07 CH;0H 
HO OH HO an 
OH OH 
B-D-fructopyranose a-D-fructopyranose 


Furanose structure (5 membered ring) 


HOC ОУ он 


D-D-fructofuranose «-D-fructofuranose 


Mutarotation: Fructose undergo complex mutarotation. The structure of the cyclic hemiacetal form of 
d-fructose can be derived from it’s carbonyl (Ketone) form using the methods described as follows. 


^ H;OH 
С=О 
H H CHOH 
H H С=О 
H H | ш. 
CH;OH H H 
| H He— This oxygen is 
This structure is CH.OH involved in | 
involved in pyranose 4 furanose formation 
formation 


It happens that the crystalline form of D-fructose is D-D-Fructopyranose. When crystals of this form are 
dissolved in water, it equilibrates to both pyranose & furanose forms. 


on anomeric 


a— carbon CHOH omeric 


) CH,OH › пш ке 
— Ч 
HO OH m= |но H 
OH OH 
В -D-fructopyranose a -D-fructopyranosc 
но 
Н.С-С-ОН | HOH, o OH о CILOH 
SS] 4 НОН,С-С-ОН m: a momeric 
кыен 0 u HO но-С H о mid 
H CHOH -С- i HO 
H-C-OH " OH 
A H-C-OH 
H- OH H 
| ч H OH H 
CH,OH B-D-fructofuranosc | 
CH,OH «-D-fructofuranose 
[-D-fructose 


All monosaccharides are reducing sugars, hence they show mutarotation. 

Starch, cellulose are Polymers of Glucose 

Lactose and sucrose are disaccharides 

Sucrose is a non reducing sugar, gives negative test for Benedict and tollen's reagent, they do not form 
osazone and do not show mutarotation. 

* Acetals of carbohydrates are called as GLYCOSIDE 


FORMATION OF GLYCOSIDES 


4-9 v Е 


Glucose reacts with methyl alcohol in presence of dry HC] to form a and p-methyl glycoside of glucose. 
The reaction takes place only on OH of hemi-acetylic carbon. Other hydroxyl groups are unreactive. 


H OCH, CH,O H 
X Y 
(CHOH), О (CHOH), о 
cn —* CH ; 
CH,OH CH,OH 


(-Methyl glucose D-Methyl glucose 
Duce NR i FÉ 


To methylate all the OH groups, methylating agent used is dimethyl sulphate. 
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CH;OH о 


CH,OH о HO H 
+ HCI но OH 
Ho се › OCH 
HO on OH ? 


methyl a-D-glucopyranoside 


ox» CHOH о 


но 


methyl D-D-glucopyranoside 
+H,0 


Such compounds are called glucoside (cyclic acetals). They are special type of acetals in which one of 


the oxygen of the acetal linkage is the ring oxygen of the pyranose or furanose. 


H-Ç 
H-C-OH 


Ring structure of glucose : 


(i) Glucose does not give pink colour with schief reagent. HO с. н 9 
(ii) Does not form adduct with NaHSO,, NH, н-С-он 
(ii) ^ Glucose exist intwo isomeric form ` i TES 

(iv) — Itshow mutarotation CH,OH 


Since there is no free aldehyde group, so it does not react with weak reagent (NH,, NaHSO,) but 
strong reagent (HCN, NH,OH, C.H;NH — МН.) break up ring 


оп 
H-C-OH H c oH 
H-C-OH we -OH 
| l 
кай шш HO-C-H 
, | CHO 
I 8. -OH Hydrolysis 1 все I н.о I 
Р n ЙИ ы | 
H-C H-C-OH ) h 
| r H40H 
н-с-он H-C-OH Р 
l 
H H 
REACTIONS OF GLUCOSE 
соон 
(CHOH Br, / H;0 Red P/ HI n Hexane 
CHOH — — or Alkaline : 
Gluconic acid solution of 1. —— Pentaacetate 
COONH; (5-OM group) 
(CHOH g Tollen's CHO, NHOH (1 oq) Orii 
Salts of c, OH a 
gluconic acids HCN 2995 dii 
COONs Fehlings Glucose cyanohydrin 
(CHO), 5HIO 
CHOU : HCHO * SHCOOH 
| Schicf's reagent, NaliSO, 
соон HNO, — ; No rcaction 


«нон 


соон 
(Saccharic acid} 


These reactions indicate that glucose has 6-C straight chain with one -CHO group & 5-OH group. 
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GENERAL REACTIONS OF MONOSACCHARIDES 


Sol. 


CHO e H,-OH 
І A 
(СНОН), T9 
(CHOH) 
CHOH I 
CHOH 
Glucose Fructose 
Acetylation : 
CHO CHO 


i | 
(CHOW), + SCH,COCI / (CH,CO),O —> но ссн, + SHCI 
CH;OH ao 3 


Glucose 
Penta acety! glucose 


This reaction suggests presence of 5¢OH) group. 


The penta acetate of glucose give -ve test with Tollen's reagent & Fehling solution, explain? 


No hemiacetal linkage, So no 
CHO group in aq. 


alkane solution NERESI 


Tollen's 


CH;OAc 
Red by HI / Red P: 
CHOH 
x HO C=O 
(Сион), — > H, n-Hexane (CHOH); —ReaPiH y n-Hexane 
CH,OH CHOH 
Reaction with HCN: 
“H OH 
CN CH,-OH í О 
H-C=0 | | NC-C-OH 
[ H-C-OH С=О I 
(СНОН), + HCN —э i CHOH +HCN — (СНОН); 
(CHOH); ee ] 
CHOH dion CH,OH 
CHOH 2 Fructose cyanohydrin 
Glucose cyanohydrin 
Reaction with NH,-OH (hydroxyl amine): 
CH;-0H CH,OH 
H-C=0 H-C=N-OH с-0 C=N-OH 
(зону +NH,-OH —> (CHOH), (CHOH); *NH,OH —— (СНОН); 
снуон сн,он сн,он CH;0H 


Glucose oxime Fructose Oxime 
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5; Reaction with phenyl hydrazine: Both glucose and fructose give *osazone". 
Reaction with glucose : 
CHO 
(CHOH), +3 C.H; NH - NH, —> Osazone 
CH,OH 


Mechanism: 


( pt Ó 

4 “+ 

НС HC-NILNHPh р: N-NHPh ei In Sc. uti. - 
CHOH S, c-on меъ сн он = С ——» |. y 

П | HO | -H re 

R R R R 


| 


HC=NNHPh HC-NH 
2PhNHNH | 


үе и, I 
t 


Both compounds give same product because structure of last four C is same in both (glucose & fructose) 


Only C-1 and C-2 in glucose and fructose are involved in osazone formation addition reaction do not 
run through out the chain. The failure to undergo further reaction has been explained by stabilization of 
the — osazone by chelation. 


Osazone : 
NHPh 
HOH,C О l ead Chelation 
ù 
HO N Pn 
OH 
ШШ 
ic^ ee сё NNN-Ph 
! CC H 
n ed Мет or спон“ Y 
" m NHPh 
CH,OH єн; 
So we do not get hexapheny! hydrazone. 
6. Catalytic reduction: 
CHO CH,OH Tom сиз-Он 
ВЕ C-O 
(CHOW), yy (CHON); ! ot ME die 

H5 /Nior | (CHOR; Н» Мог D-sorbital + (СНОН), 

CHOH мавн; CH,OH CH.OH NaBH, | ! 7 
D-glucose D-sorbital а CH,OH 


D-Fructose D-Manitol 
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7. Oxidation: 
Glucose —"sfstits_, COOH Glucose ..343HNO: , соон 
Br» water l I 
(CHOH), (CHOH), 
CH,OH COOH 
Gluconic acid Saccharic acid 
HI 
Glucose ——?: , SHCOOH + HCHO + SHIO, 
Oxidation of fructose : 
Fructose Tollen's.Fchling 
Fructose reduces tollen's & fehling reagent because in basic medium fructose isomerises to glucose. 
Fructose . Powxe , No reaction 
COOH COOH 
| CHOH H OH і 
Fructose —HNO;_, бей: *H он + (СНОН); 
glyconic acid «= = COOH COOH 
Tartaric acid — Tribydroxy 
glutaric acid 
8. Reaction with enzyme: 
Glucose or Fructose —“*—» 2C,H,OH + 2CO, 
Zymase enzyme т » 
9, Reaction with dil NaOH / Ca(OH), 


Glucose or fructose 4 4: NaOH 
H-C-O H-C-O 
н-с-он 2®=— { он “ни 
7. 
Mannose 


Glucose + Fructose + Mannose 


Base-catalyzed isomerisation of aldoses and Ketoses: 
Although glucose in solution exists mostly in its cyclic hemiacetal forms it is also in equilibrium 
with a small amount of it’s acyclic aldehyde form. 


CHO CHO CHO CH OH 
H DH. uds H OH H H t-o 
ү" a Саон) ү ЖЕ шн ы + носон + Traces of other compound 
H OH H OH H OH H OH 
CH;OH CHOH CHOH H OH 
recovered D-mannose CH,OH 
D-glucose D-Fructose 
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Mechanism : Like other aldehyde with a-hydrogen, glucose ionise to give small amount of its inolate 
ion in base. Protonation of this enolate ion at one face of the double bond gives back glucose & protonation 
at the other face gives mannose. 


oae NC 
H OH 


г» 

ar он Сон Ert rhe 
HO н — 9" |ң H HO н | tO. но-с-н 
H он ^ [|н on™ н он |^ X H-C-OH 
H OH H OH H H чүн 


CH,OH CH;OH CH,OH CH.OH 
D-mannose 


The enolate ion can also be protonated on oxygen to give a new enol called enediol this enediol 
converts to fructose as follows. 


[icon HCO н-с-0? 
H Он ar. а — |" HOH 
CH,-OH (ЖЯ? H-C.OH И-С-ОН 


i> © 


но-н {= 07 | OH m 
Fructose | | 


enediol 


~ CH-O 


wal 
à 


Method of ascending the sugar series : An aldose may be converted into it's next higher aldose eg. 
an aldopentose into an aldohexose. 


SOME IMPORTANT CARBOHYDRATES 


3: Suc ose(C, ,H,,0,,):— It is white, crystalline & sweet substance soluble in water obtained from the 
sugar cane. When heated above its melting point, it forms a brown substance known as caramel. 
It's aqueous solution is dextrorotatory [©], = 66.5? 


TE dextro laevo 
Cji3H4,0,, + HO C,H450; + СНО, 
D-Glucose D-Frucose 
a [D] = 52.7° [a]p =-92.4° 
v 


mixture is laevorotatory 


Thus hydrolysis of sucrose brings about a change in the sign of rotation, from dextrol (+) to leavo (—) & 
such a change is known as inversion of cane sugar and the mixture is known as invert sugar. 


The inversion of cane-sugar may also be effected by the enzyme invertase which is found in yeast. 


Sucrose is non-reducing sugar because it has stable acetal linkage & in aq. solution it can not give free 
carbonyl group and so it does not reduces Tollen's & Fehling's solution. 


This indicates that neither the aldehyde group of glucose nor the ketonic group of fructose is free in 
sucrose. 
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anomeric С 


6 1 
CH,OH CH,OH 


/CH,OH 
2/ 
H OH HO H 
a-D-Glucopyranose p-D-Fructofuranose 
Structure of sucrose 


(a-D-glucopyranosyl- B- D-fructofuranoside) 


All non reducing sugars do not show mutarotation . 
There is no free carbonyl group so it is non reducing sugar 


о u-glycosde bond to anometric 


position of D-glacose CH,OH 


HOH.C 
md H OH |9—— « linkage 
OH ! CHOI O ш glucose 
© рта [ a — t 
Py cons CH.OH Hor - "e: 
Бон і К arcis 
positon of D-fructose CH;OH OH H 
2. Maltose: It is obtained by partial hydrolysis of starch by the enzyme diastase present іп malt i.e., 
sprouted barely seeds. 
2 (C,H,,0;), + n H,O __Рачае , nC,,H,,0,, 
Starch Maltose 


As stated above, hydrolysis of one mole of maltose yields two moles of D-glucose. Maltose is a reducing 
sugar since it forms an osazone, undergoes mutarotation and also reduces Tollen's and Fehling's solutions, 
Methylation studies have revealed that 

(i) both glucose units are present in the pyranose form. 

(i) ^ C,ofoneglucose unitis linked to C, of the other 
Further since maltose is hydrolysed by the enzyme maltose which specifically hydrolyses a-glycosidic 
linkage, therefore, the non-reducing glucose unit in maltose must be present in the a-form. In other 
words, C, — a of non-reducing glucose unit is attached to C, of the reducing glucose unit as shown in the 
figure on next page. 


| 
H--C—OH нс az 


| | 
H+C—OH H3-C—OH 
o o 


CH.oH 


| | 
HO2-C—H HO2-C—H 


| | j " 

HC H+C-OH он OH 
| | 

HC нс ———— ; Glycosidic 
| | Non-Red ucing Linkage Reducing Glucose 

* CH.OH * CH.OH Glucose Unit Unit 
Reducing Glucose Non-Reducing HAWORTH PROJECTION FORMULAE OF a-D-MALTOSE 
Unit Glucose Unit 


FISCHER 


Lactose (Milk sugar) C,,H,,0,, 

Lactose occurs in milk and that i 15 why i it is called milk sugar. 

Lactose on hydrolysis with dilute acid or by enzyme lactase, yields an equimolar mixture of D-glucose 
and D-galactose. It is a reducing sugar since it forms an osazone, undergoes mutarotation and also 
reduces Tollen's or Fehling's solution. Methylation studies have revealed that 

(1) both glucose and galactose are present in the pyranose form. 

(ii) glucose is the reducing half while fj-galactose is the non-reducing half. 

(iii) C, of galactose unit is connected to C, of glucose unit. 


Further since emulsin, as, enzyme which specifically hydrolyses B-glycosidic linkages also hydrolyses 
lactose, therefore, galactose must be present in the B-form. In other words, in lactose, C, – В of galactose 
is attached to C, of glucose as shown in figure. 


| pod 
HO-—C—H C—H 
| | 
H-—C—OH H—C—o0ll 
| | 
но-с—н | | HO—C—H 
| | 
Hc + но- с-н 
| | GLUCOSE 
н< H-c (Reducing half) 
Р H 
^ CHOH CH,OH 
4 н Р GALACTOSE 
Glucose Unit Galactose Unit (Non-reducing half) 
FISCHER 


Starch Amylum, (C,H 603), 

Occurrence : The value ofn (100 — 3000) varies from source to source. It is the chief food reserve 
material or storage polysaccharide of plants and is found mainly in seeds, roots tubers etc. Wheat, 
maize, rice, potatoes, barley, bananas and sorghum are the main sources of starch. Starch occurs in the 
form of granules, which vary in shape and size depending upon their plant source, 


Occurs in all green plants. Starch consists of two fractions, one being known as a-amylose, which gives 
blue colour with iodine. This blue colour is believed to be due to the formation of an inclusion complex. 
Anaqueous solution of a-amylose slowly forms a precipitate, since a-amylose has a strong tendency to 
‘revert’ to the insoluble state in solution. Amylopectin is insoluble in water and is stable towards both 
hydrolysis to maltose by the enzyme diastase and to D(+)-glucose by dilute acids (amylopectin gives 
about 50 percent of maltose). 


CH,OH 
H H 9 H 
4 1 
о 
on HY он 
n-2 H OH 


М. 
a&-D-glucopyranose a-D-glucopyranose 


Structure of Starch (&-D-glucoamylose) 


a-amylose consists of an unbranched chain, with a molecular weight varying between 10,000(n = 60) 
and 10,00,000(n « 6,000), The value of n depends on the source and treatment of a—amylose. 
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Properties : (i) Starch is a white amorphous powder sparingly soluble in water. Its aqueous solution 
gives a blue colour with iodine solution due to the formation ofan inclusion complex. The blue pears on 
cooling. 

(ii) On hydrolysis with dilute mineral acids or enzymes, starch beaks down first to smaller molecules 
(n>n’), then to maltose and finally to D-glucose. 


ty " H^/H;O 
(C,H4,0,)n 1759 , (C,H,,0), 0719 , C,H50,, ә CoH 296 


Starch Maltose D-Glucose 
(iii) Starch is a non-reducing saccharide. It neither reduces Tollen's reagent or Fehling's solution nor 
forms an osazone. This suggests that all hemiacetal OH groups of glucose units at C, are not free but are 
involved in glycosidic linkages. 


Composition : Starch is not a single compound but is a mixture of two components-a water soluble 
component called amylose (10-20%) and a water insoluble component called amylopectin (80-90%). 
Both amylose and amylopectin are polymers of a-D-glucose. 


Structure of amylose : Amylose is water soluble and gives blue colour with iodine solution. It may have 
100-3000 glucose units, i.e., its molecular mass can vary from 10,000 to 500,000. It is a linear polymer 
of a-D-glucose in which C, of one glucose unit is attached to C, of the other through a-glycosidic 
linkage as shown in figure. 


C.-C, a-Linkage C.-C, [-Linkage 
STRUCTURE OF AMYLOSE 


Pectins 

Pectins are found in plant and fruit juices. Their characteristic property is the ability of their solutions to 
gelate, i.e. form jellies. They have a high molecular weight and are polygalacturonic acid (linked 1,4) with 
the carboxyl groups partially esterified with methanol. 


Glycogen (Сн О), : 

Glycogen is found in nearly all animals cells, occurring mainly in liver. It is the reserve carbohydrate of 
animals and so is often known as ‘animal starch’. It has also been isolated from plant sources. 
Glycogen is a white powder, soluble in water, the solution giving a purplish-red colour with iodine. On 
hydrolysis with dilute acid, glycogen gives D(*)-glucose. The molecular weight of glycogen has been 
given as 10,00,000 to 50,00,000 and glycogen contains highly branched chains. Glycogen has a structure 
similar to amylopectin, except that it has more cross-linking. 


Cellulose: 

Cellulose is colourless, solid which is insoluble in water & organic solvents. But it is soluble in ammonical 
cupric hydroxide (Schweizer's reagent) or in conc. НСІ cellulose is a regular polymer of d-glucopyranose 
residues connected by B-1,4 glycosidic linkages. It is straight chain polymer. 


c H,OH CH,OH 
RN Мс HAN SAC ы 
~ | 4 x: " 1 о | E = á 3 о 
^н NE Ион 
н OH H OH 
f}-D-glucopyranose D-D-glucopyranose 


Structure of Cellulose 
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2. 
3. 
4, 
S: 
ó. 


(i) 


(ii) 
(ш) 


GOLON 
ied CH-OH 
CHO 
ш: 
он 


General structure 
Cellulose 


Some points about cellulose : 


General empirical formula (C.H,,O.) 


Cellulose + H,O —W , 96% of crystalline D-glucose 

No. of monomer units in cellulose are 1000 — 1500 in one molecule. 
Cellulose doesn't show mutarotation (like starch) 

It is non reducing sugar because there is no hemiacetal linkage. 


Acetylations nitration & methylation of cellulose give trisubstituted cellulose which suggest that only three 
— OH groups are free. 
CH;OH 


OAc 


Cellulose acetate 


Tests for carbohydrates: 


When heated in a dry test tube, it melts, turns brown and finally black, giving a characteristic smell of 
burning sugar. 


When warmed with a little concentrated H,SO,, it leaves a charred reside of carbon. 


Molisch's Test (named after Austrian botanist Hans Molisch) is a sensitive chemical test for the presence 
of carbohydrates, based on the dehydration of the carbohydrate by sulfuric acid to produce an aldehyde, 
which condenses with two molecules of phenol (usually a-naphthol, though other phenols (e.g. resorcinol, 
thymol) also give colored products) resulting in a red- or purple-colored compound. 


The test solution is combined with a small amount of Molisch's reagent (a-naphthol dissolved in ethanol) 
ina test tube. After mixing, a small amount of concentrated sulfuric acid is slowly added down the sides 
of the sloping test-tube, without mixing, to form a bottom layer. A positive reaction is indicated by 
appearance ofa purple ring at the interface between the acid and test layers. 


All carbohydrates — monosaccharides, disaccharides, and polysaccharides — should give a positive 
reaction, and nucleic acids and glycoproteins also give a positive reaction, as all these compounds are 
eventually hydrolyzed to monosaccharides by strong mineral acids. Pentoses are then dehydrated to 
furfural, while hexoses are dehydrated to 5-hydroxymethylfurfural. Either of these aldehydes, if present, 
will condense with two molecules of naphthol to form a purple-colored product, as illustrated below by 
the example of glucose: 
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BARFOED'S TEST 


Barfoed's Test is a chemical test used for detecting the presence of monosaccharides. It is based on 
the reduction of copper (II) acetate to copper (I) oxide (Cu,O), which forms a brick-red precipitate. 
Barfoed's reagent consists ofa 0.33 molar solution of neutral copper acetate in 1% acetic acid solution. 
The reagent does not keep well and it is therefore advisable to make it up when it is actually required. 
Reducing monosaccharides are oxidized by the copper ion in solution to form a carboxylic acid and a 
reddish precipitate of copper (I) oxide within three minutes. Reducing disaccharides undergo the same 
reaction, but do so at a slower rate and ppt. will come after 10 min. For Non reducing saccharides ppt. 
will not form. 


н ZO А HO. 20 | 
T *2Cu^ +2H,0 — T +Cu,0 + 4H 
R R 


The aldehyde group of the monosaccharide which normally forms acyclic hemiacetal is oxidized to the 
carboxylate. A number of other substances, including sodium chloride may interfere. 


STARCH 


Plants store glucose as the polysacchande starch. The cereal grains (wheat, rice, corn, oats, barley) as 
well as tubers such as potatoes are rich in starch. 

Starch can be separated into two fractions--amylose and amylopectin. Natural starches are mixtures of 
amylose (10-20%) and amylopectin (80-90%). 


Iodine - KI Reagent: Iodine is not very soluble in water, therefore the iodine reagent is made by 
dissolving iodine in water in the presence of potassium iodide. This makes a linear triodide ion complex 
with is soluble. The triodide ion slips into the coil of the starch causing an intense blue-black color. 


AMINO ACIDS AND PROTEINS 


NH, 


- 


| 
Bifunctional compounds К -CH - СООН having ап acidic corboxylic group & a basic amino group. 
There аге 20 amino acids commonly found is proteins and are standard amino acids. All are о amino 
acids. Most of them have 1° amino group.(- NH,). However proline is a 2° amino 


Seen i 


NH, NH, NH, H 
Proline [Р] 


(Gly) Glycine [G] Alanine [A] Phenyl alanine [Е] Proline [P] (a-imino acid) 


CH,—COOH Mc—CH—COOH = Ph—CH,—CH—COOH 


All amino acids are chiral molecules with atleast one chiral carbon except glycine, HoN?CH,COO . 
Except Glycine all other amino acids are optically active & can be assigned D & L configuration. 


COOH A соон 
H -- NH; 

CH; 2 CH; 

D-Alanine L-Alanine 


нми 


Classification of Amino acids 


Occurance Requirement Chemical Nature 
Natural Essential Neutral 
Synthetic Non Essential Acidic 
Semi Essential Basic 
Based on requirement 


Essential amino acids can not be synthesized in human body so dietary intake is required. For any human 
being 1 gma day is required. 


Semi essential amino acids can be synthesized in human body but dietary intake is required during 
growing stages (when more of cell division is required). 


For example : Early childhood, pregnancy and lactating mother. 


Non essential amino acid - Body can synthesize them. 


Chemical classification 


Neutral - Amino acid having equal number of NH, and COOH. 


Neutral amino acids are further classified as polar and nonpolar depending on whether their side chains 
have polar substituents (for example, asparagine with an МН ,СО group) or are completely hydrocarbon 
in nature (for example alanine, valine etc.). 


Acidic - Amino acid having more COOH than NH, 
Aspartic acid and glutamic acids, each with a second CO,H in their side chain are acidic amino acids. 


Basic - Amino acid having more NH, than COOH 


Lysine, arginine and histidine, each with a basic site in their side chain are basic amino acids. 


Proteins: The name protein is taken from the Greek word "proteios", which means "first". Of all 
chemical compounds, proteins must almost certainly be ranked first, for they are the substance of life. 


Proteins make up a large part of the animal body, they hold it together and they run it. They are found in 
all living cells. 
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Chemically, proteins are high polymers. They are polyamides and the monomers from which they are 
derived are the œ - amino carboxylic acids. A single protein molecule contains hundreds or even thousands 
of amino acid units. These units can be of twenty-odd different kinds. The number of different combinations, 
i.e., the number of different protein molecules that are possible, is almost infinite. 


1. Neutral amino acids (with nonpolar side chains) 


NAME ABBREVIATIONS STRUCTURAL FORMULAE POINTIpI 
МН, 
y 


Val(V) 


u н. 
o 
Leucine* Leu(L) H,CCCH — CH, — C—NH; 
» С=О 
єн; OH 
CH, NH, 
Ile(T) Е 
CH,CH,CH - CHCO; 


NH, 
a | 
Methionine* Met(M) CH,SCH,CH - CHCO; 5.7 


6.3 


МН, 


l 
CH;-CHCO; 
| 5.9 
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2. Neutral amino acids (with polar, but nonionized side chains) 


NAME ABBREVIATIONS | STRUCTURAL FORMULAE | ISOELECTRIC 
POINTIpI] 


о NH, 
Asparagine их—б—сну—сй. 
Ce о 
^он 
Nil, 
Gln(Q) ue —CHrCH;— =e 
20 


ДЗ 
S Ser(S 
erine er(S) е s 
он NU, 
CH,CH - CHCO; 


NH. O 
Tyrosine 2 
== ee 


N H, 
Cysteine HSCH, E HCO; 


T, 
к Sn 1-08 


3. Acidic amino acids (side chain with carboxylic acid group) 


ISOELECTRIC 
NAME ABBREVIATIONS | STRUCTURAL FORMULAE | POINTIpI] 


NH, © 


О = ссн, сн. "2 
H czo 
`OH 
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4. Basic amino acids (side chain with nitrogenous basic group) 


NAME ABBREVIATIONS | STRUCTURALFORMULAE [ISOELECTRIC 
РОІХТ[рІ] 


ми, 
Lystine* Lys(K) 4, 
D» NH / 
Arginir Arg(R) HN- C-NH-CIIS CHy CH CH 
С 


Note : 


а Amino acids with an asterisk are essential amino acids, that must be supplemented through dict. 

t At pH 7 7, Aspand Glu have a net negative charge and exist as anions. At pH = 7, Lys and Arg have a 
net positive charge and exist as cations. Rest of the amino acids at this pH exist in the neutral form. 

t Structurally, in cystine, the two cysteine molecules are joined through sulfur (disulfide linkage). 

oe Proline is an a-imino acid, all amino acids are primary amines except proline and 4-hydroxyproline, 
which are 2? amines. 

а Except Glycine all other amino acids are optically active. 


Preparation of amino acids 

(a) Gabriel Phthalimide synthesis 
Better yields are generally obtained by the gabriel phthalimide synthesis ; the a - halo esters are used 
instead of a - halo acids . 


0 | 
ER ou -KCI км, 

(OY. N^ K* + CLCH,COOC,H, ———» (OX. N- CH,COOC,H, 
e i 

О O 


Potasium 
phthalimide HCI , H,O 


Cl” "H,N - CH,COOH + phthalic acid 
Glycine hydrochloride 
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(b) Amination of a - Halo acids 
Sometimes ап a - chloro or a - bromo acid is subjected to direct ammonolysis with a large excess of 
concentrated ammonia. For example. 


CH,CH,COOH 27 cH çI icoon NHexcess) | en CHCOO™ 


8 
Br NH, 
a-Bromopropionic acid Alanine 
(c) From diethyl malonate 
{з=н OOC,H, á OOH 
, H,O 

Na | @3CH хене. НС- СНС Н, —————— Н-С- СН,С,Н, 

COOC,H, COOC,H, COOH 
Sodiomalonic ester Ethyl benzylmalonate Benzylmalonic acid 

Br, OH” 
‘(OOH 


1 ч ag 
C,H,CH,CHCOOH 4—NHi(exeess) Сәцоњенсоон aa Brc- CHCH; 
NH® Br COOH 


Phenylalanine 
35% overall yield 


(4) Strecker's synthesis 
Strecker's synthesis is also used for preparing о - amino acids 


9 e 
О {М-Н rs па ГЕ 
но. | cw H,O H,O 
R-C-H + NH, ==> R-C-H === R-CH— a — R-C-H 
Imi А 
mine CN CN COO 


о - amino nitrile а - amino acid 


In this reaction general aldehyde is treated with mixture of ammonium chloride and KCN in aqueous 
solution which forms NH, and HCN, МН,СІ + KCN  3ducous | NH,CN + KCl, 
NH,CN _4qucous | NH, + HCN 


(e) Using KOOP synthesis 


Br NH NH, 
CH,coon P7, Cu, СООН 2350 CH—COONa —" CH—COONa 2895 СН, 


COONa 
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Properties of Amino acids 
Although the amino acids are commonly shown as containing an amino group and a carboxyl group, 
H,NCHRCOOH, certain properties, (both physical and chemical) are not consistent with this structure 
1. Physical properties 
In contrast to amines and carboxylic acids, the amino acids are nonvolatile crystalline solids, which melt 
with decomposition at fairly high temperatures. 
They are insoluble in non-polar solvents like petroleum ether, benzene or ether and are appreciably 
soluble in water. 


Their aqueous solutions behave like solutions of substances of high dipole moment. 


Amino acids as dipolar ions 

Acidity and basicity constant are ridiculously low for -COOH and -NH, groups. Glycine, for example, 
has К = 1.6 x 10-' and K, =2.5 x 107", whereas most carboxylic acids have К, values of about 
105 and most aliphatic amines have К, values of about 107+. 

All these properties are quite consistent with a dipolar ion structure for the amino acids (I) 


ge = 
H,N-CH-COO 
R 
Amino acids : dipolar ions (Zwitter ion) 


Physical properties - melting point, solubility, high dipole moment - are just what would be expected of 
such a salt. The acid-base properties also become understandable when it is realized that the measured 
К, actually refers to the acidity of an ammonium ion, RNH,*, 
Ф "à + = 
H sNCHCOO + H0 <= HO + ино 
R R 
Acid 
= [H,6 ][H,NCHRCOO} 


a 


Ө 
[н,ХСНЕСОО°] 
When the solution of an amino acid is made alkaline, the dipolar ion (I) is converted into the anion (II). 
The stronger base, hydroxide ion, removes a proton from the ammonium ion and displaces the weaker 


base, the amine. 


Ф б _ - 
H;NCHCOO™ + OH => Н,МСНСОО + H,O 


R (ЇЇ 
St R (0 Stronger Pans Weaker 
" base base acid 


0 Hu i. _» We X 
H,NCHCOO > Be == нн 
OH h OH 


R 
(lI) (1) (ш) 
Anion Ampholyte Cation 


Wherever feasible, we can speed up a desired reaction by adjusting the acidity or basicity of the solution 
in sucha way as to increase the concentration of the reactive species. 
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Isoelectric point of amino acids 


() 


What happens when a solution of an amino acid is placed in an electric field depends upon the acidity or 
basicity of the solution. 


H 

H,NCHCOO^ LLL H.NCHCOO™ — ————H, i aos 
| OH OH 
R 


(II) A? К, (I) DI ч n с" 


In quite alkaline solution, anions (II) exceed cations (Ш), and there is a net migration of amino acid 
toward the anode. In quite acidic solution, cations (III) are in excess, and there is a net migration of 
amino acid toward the cathode. If (1I) and (Ш) are exactly balanced, there is no net migration ; under 
such conditions any one molecule exists as a positive ion and as a negative ion for exactly the same 
amount of time, and any small movement in the direction of one electrode is subsequently cancelled by 
an equal movement back towards the other electrode. The hydrogen ion concentration of the solution 
in which a particular amino acid does not migrate under the influence of an electric field is 
called the isoelectric point (pI) of that amino acid. The isoelectric point (pI) is the pH at which 
the amino acid exists only as a dipolar ion with net charge zero. 

For glycine, for example, the isoelectric point is at pH 6.1. 


Anamino acid usually shows its lower solubility in a solution at the isoelectric point, since here there is 
the highest concentration of the dipolar ion. As the solution is made more alkaline or more acidic, the 
concentration of one of the more soluble ions, (П) or (ILD increases. 


[DI] [H7] [A7] [H] 


[C?] а = [DI] at pl [А8] = [C^] 


[D]][H?] Ka,{DI] 


- Ə = к, 
Ka, T [H^] = Ka, х Ka, 
Ka, pr: 
on taking antilog pl = У 


The PI of an amino acid that does not have an ionizable side chain. (e.g. alanine), is midway between its 
two pKa values. 


О 
| 


Alanine CH.-CH-C-OH pKa = 2.34 
B 
NH, *——pKa = 9.69 


[22945969 1200... 
р > 2 02 
If an amino acid has an ionizable side chain, its PI is the average of the pKa values of the similarly ionizing 
groups (positive ionizing to uncharged or uncharged ionizing to negative.) 
For example : 
Lysine 


i Ae 2 ла] 


HN -CH,— CH, CH,- CH, -CH-C€- OH 


Ф га 
pKa ~ 10.79 NH: pKa = 8.95 


(ii) 
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10.79+8.95 19.74 — 
дд 


Glutamic acid 


0 i pKa = 2.19 
HO-C-CH, - CH, -CH - C - OH 


| 


21194425. 644 | 
EE ERE ee 


DE 


Anamino acid having more COOH than NH, or more acidic COOH will have pl less than 7. 
An amino acid having more — NH, than COOH or more basic – NH, will have pl more than 7. 


Write the structure of alanine at pH 2.5, 10.5 and 6. 


Electrophoresis 
The movement of charged molecules (like amino acid) under the influence of an electric field 15 called 
electrophoresis. Electrophoresis separates amino acids on the basis of their pI values. 
Amino acid is positively charged (moves towards cathode) if pH of the solution « pl 
Amino acid is negatively charged (moves towards anode) if pH of the solution > pl 


How will you separate a ternary mixture of arginine, alanine & aspartic acid? 


A few drops of a solution of an amino acid mixture are applied to the middle ofa piece of filter paper. 
When the paper is placed in a buffer solution (pH = 5) between the two electrodes and an electric field 
is applied then arginine & alanine with pl > pH move towards the cathode and aspartic acid with pI < pH 
moves towards the anode. Out of arginine & alanine, alanine will move slowly towards the cathode due 


to lesser positive charge. 


Before electrophoresis 


o © 


Buffer solution 


After electrophoresis 


o s 


(pH = 5) Buffer solution 
3: : (pH 7 5) 
Mixture of argininc , " 
+ alanine + aspartic acid Figure (ii) 
Figure (i) 
@ ~ arginine (pl = 10.76) (B) = alanine (pl = 6.02) © = aspartic acid (pl = 2.98) 
2 
N © 
us le CH.CHCOO occi соо? 
м! e 
H.NCNHCH.CH.CH.CHCÓ UU Мм 


el 
NH, 
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General reactions of amino acids 


(1) | Reactions due to— NH, group 
n соон [18 ef COOH 
i NH, Br 
NB, H H,—COOH 
MeCOCI \ rx 
$—] COOH | ROOM”, CH.—COOH 
NHCOMe NH, 
| H NH—C—Ph 
cem COOH | 
HCI о 
"A Hipuric acid 
NOCI COOH 
Cl 
H 
NOBr COOH 
Br 
H H 
HCHO А E. d ox Ш Г 
Ф СООН ——— 6$ COOH Sorison's titration method. 
NII N - CH, 
Reactions is used to block — NH, group during volumetric analysis in. 
(2) Reactions due to - COOH group. 
H 
—— соон 
NH, 
Cas 
NaHCO 
(3) Heating Effect 
(1) Heating of amino acids leads to intermolecular dehydration to form cyclic diamides. 
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(1) When alanine is heated, then two diastereomers are obtained. One of them (trans) is not resolvable. 


á О 
Me м Me H м ù 
2MeCH(NH,)COOH + H.O : 
ü NUS ме НЕ и 
d О 


Cis (Racemic) Trans (Meso) 


(u) Меп В - amino acids are heated, о, В - unsaturated salt are formed. 
RCHCH,COOH —*—> RCH = CH-COONH, 
NH, 


(iv) — y,6,£ - amino acids when heated alone gives ү, ô- lactam and polymer respectively. The reason for the 
formation of polymer is that when £ - amino cyclises intramolecularly, it leads to large angle strain within 


the compound 
О 
О 
О / О 
ОН Heat C-OH Heat 
H, -H + H,O т-н H,O N-H 
y- lactam H 8- lactam 

e 9 A 
NH,(CH,),COO ———9 — б ашшы: 

UN ә: Ж О 

Nylon 6 


(4) Peptide 
Peptides are amides formed by interaction between amino groups and carbonyl groups of amino acids. 


The amino bonds | -NH- f ) that link amino acid residues are called peptide bonds. So peptide 


bonds are the only covalent bonds that hold amino acid residues together in a peptide or protein. 
Depending upon the number of amino acid residues per molecule, they are known as dipeptides, tripeptides 
and so on and finally polypeptides. (By convention, peptides of molecular weight upto 1000 are known 
as polypeptides and above that as protein) 


© || | 
Pw — H,N-CH,-C-NH-CH-C-NH-CH-COO" 
(Gly-Gly) CH, CH;-Ph 
Glycine-Alaninedipeptide (Gly-Ala-Phen Tripeptide) 


Glycine-Alanine-phenylalanine 
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о О 
& | | š 
H,N-CH-C ары ыгы 
R R R 
n 
Polypeptide 


Dipeptides are made from two amino acids where as oligopeptides are made from 3 to 10 amino acids. 
If 11 to 100 amino acids are present together they called polypeptide and 100 onwards they are called 
as macropeptide. 


о О 
| | РР: Я 
Е Р + H.N-CH-C-OH =~~ {NH-CH4+C-NH-CH-C F 
|Prcocı |конун® peptide linkage 
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For the synthesis of polypeptides, the amino groups that are not to be linked in peptide bonds must be 
blocked so as to be unreactive. Then all other reactive functional groups must be protected to prevent 
their participation in the coupling produces. The coupling must be effected by a method that does not 
cause racemization or chemical altemation of the side chains. 

These type polyamide can be made only using part blocking technique. 

Abbreviated name of amion acid with free NH, is written first. 

By convention peptide are written with the free amino group (the N-terminal amino acid) on the left 
and the free carbonyl group (the -C- terminal amino acid) on the right. 


H N-CH || NH cue o? 
3 TINT Е 
R R 


For the nomenclature of peptides abbreviated name of amino acid with free NH, group is written first. 
For example: 


H.N-CH,-C-NH-CH-COOH H;N-CH-CO-NH-CH;-COOH 
CH CH, 
| (SYA) a (Ala-Gly) 
Glycine-Alanine-dipeptide Alanine-Glycine-dipeptide 


Polypeptide on hydrolysis give two amino acid are known as dipeptide 


I — 
HOOC Bis -NH-C-CH -NH, Dipeptide 
Me 
Gly Ala [Glycine Alanine] 


ll ll à 
H.N-CH-C-NH-CH,-C-OH  Ala-Gly [Alanine-Glycine ] 
Me 


oooono 
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Total number of polypeptide possible = X^ [X =type of amino acid interacting, 
n= number of amino acid molecule are interacting.] 
Glycine can form how many Dipeptide ? [Ans. One] 


Glycine can form how many Tripeptide ? [Ans. One] 
Glycine and Ala can form how many Dipeptide ? [Ans. Four] 
Gly, Ala, and Phenyl Ala can form how many Dipeptide ? [Ans. Nine] 
Gly, Ala, can form how many Tripeptide ? [Ans. Eight] 


When Macropeptide takes different shape due to intramolecular H - bonding between different layers is 
known as proteins 


Proteins 


(a) 


(b) 


You have already read that proteins are the polymers of a-amino acids and they are connected to each 
other by peptide bond or peptide linkage. Chemically, peptide linkage is an amide formed between — 
COOH group and — NH, group. The reaction between two molecules of similar or different amino 
acids, proceeds through the combination of the amino group of one molecule with the carboxy! group of 
the other. This results in the elimination of a water molecule and formation ofa peptide bond — CO — 
NH —. The product of the reaction is called a dipeptide because it is made up of two amino acids. For 
example, when carboxy! group of glycine combines with the amino group of alanine we get a dipeptide, 


glycylalanine. Н.М — CH, — COOH + Н.М — CH — СООН 


H,N — CH, СО — NHJ— CH — COOH 


A CH, 
Peptide linkage 


Glycylalanine (Gly-Ala) 


If a third amino acid combines to a dipeptide, the product is called a tripeptide. A tripeptide contains 
three amino acids linked by two peptide linkages. Similarly when four, five or six amino acids are linked, 
the respective products are known as tetrapeptide, pentapeptide or hexapeptide, respectively. When 
the number of such amino acids is more than ten, then the products are called polypeptides. A polypeptide 
with more than hundred amino acid residues, having molecular mass higher than 10,000u is called a 
protein. However, the distinction between a polypeptide and a protein is not very sharp. Polypeptides 
with fewer amino acids are likely to be called proteins they ordinanly have a well defined conformation 
ofa protein such as insulin which contains 51 amino acids. 

Proteins can be classified into two types on the basis of their molecular shape. 


Fibrous proteins : When the polypeptide chains run parallel and are held together by hydrogen and 
disulphide bonds, then fibre-like structure is formed. Such proteins are generally insoluble in water. 
Some common examples are keratin (present in hair, wool, silk) and myosin (present in muscles), etc. 


Globular proteins : This structure results when the chains of polypeptides coil around to give a spherical 
shape. These are usually soluble in water. Insulin and albumins are the common examples of globular 
proteins. 
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Structure of Proteins 


@ 


(ii) 


Structure and shape of proteins can be studied at four different levels, .i.e., primary, secondary, tertiary 
and quaternary, each level being more complex than the previous one. 

Primary structure of proteins : Proteins may have one or more polypeptide chains. Each polypeptide 
in a protein has amino acids linked with each other in a specific sequence and it is this sequence of amino 
acids that is said to be the primary structure of the protein. Any change in this primary structure i.e., the 
sequence of amino acids creates a different protein. 

Secondary structure of proteins : The secondary structure of protein refers to the shape in whicha 
long polypeptide chain can exist. They are found to exist in two different types of structures viz. a-helix 
and p-pleated sheet structure. These structures arise due to the regular folding of the backbone of the 


| 
polypeptide chain due to hydrogen bonding between — С — and — NH — groups of the peptide 
bond. 


a-Helix structure of proteins 


a-Helix is one of the most common ways in which a polypeptide chain forms all possible hydrogen 
bonds by twisting into a right handed screw (helix) with the — NH group of each amino acid residue 


hydrogen bonded to the y С = О ofan adjacent turn of the helix as shown in figure. 


In f-structure all peptide chains are stretched out to nearly maximum extension and then laid side by side 
which are held together, by intermolecular hydrogen bonds. The structure resembles the pleated folds of 
drapery and therefore is known as [}-pleated sheet. 


Ld 
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HAO, ICs Cs 
TR: "HK о. Hy’ о 
HCR HCR HCR 
=С С р 


p-Pleated sheet structure of proteins 


(iv) 
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Ionic bonding : between COO and NH,' at different sites. 


H-bonding : mainly between side-chain NH, and COOH, also involving OH's (Of serine, for example) 
and the N-H of tryptophan. 


Weakly hydrophobic Van der Waal's attractive forces engendered by side-chain R groups and 
Disulfide cross linkages between loops of the polypeptide chain. 


The same kind of attractive and repulsive forces responsible for the tertiary structure operate to hold 
together and stabilize the subunits of the quaternary structure. 


Tertiary structure of proteins : The tertiary structure of proteins represents overall folding of the 
polypeptide chains i.c., further folding of the secondary structure. It gives rise to two major molecular 
shapes viz. fibrous and globular. The main forces which stabilise the 2° and 3° structures of proteins are 
hydrogen bonds, disulphide linkages, van der walls and electrostatic forces of attraction. 


Quaternary structure of proteins : Some of the proteins are composed of two or more polypeptide 
chains referred to as sub-units. The spatial arrangement of these subunits with respect to each other is 
known as quaternary structure. 

According the their biological action, they are classified as enzymes, hormones, antibodies, etc. 

Protein found in living system with definite configuration and biological activity is termed as native protein. 
Ifa native protein is subjected to physical or chemical treatment, which may disrupt its higher structures 
(conformations) without affecting its primary structure, the protein is said to be denatured. During 
denaturation, the protein molecule uncoils form an ordered and specific conformation into a more random 
conformation leading to precipitation. Thus denaturation leads to increase in entropy and loss of biological 
activity ofthe protein. The denaturation may be reversible or reversible. Thus, the coagulation of egg 
white on boiling of egg protein is an example of irreversible protein denaturation. However, in certain 
cases it is found that if the disruptive agent is removed the protein recovers its original physical and 
chemical properties and biological activity the reverse of denaturation is known as renaturation. 


TESTS OF PROTEINS 


Biuret test : Addition ofa very dilute solution of CuSO, to an alkaline solution of a protein is done. A 
positive test is indicated by the formation of a pink violet to purple violet color. 
The name of test is derived from a specific compound, biuret, which gives a positive test with this reagent 

о О 

ll I 

H,N—C—NiH—C—NH, 
biuret 

When a protein reacts with copper (II) sulfate (blue), the positive test is the formation of a violet colored 
complex. 


ji 
:0—H 
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CH—C—N— - Cu? —— E: си; 
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( Violet) 
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The biuret test works for any compound containing two or more of the following groups. 
О О МН 5 


11 Il || 11 
—C—NH—  —C—NH,  —CH,—NH, —C—NH,  —C—NH, 


Ninhydrin Test : The ninhydrin test is a test for amino acids and proteins with a free -NH, group. 
Amino acids are detected by ninhydrin test. All amino acids give violet - coloured product with ninhydrin 
(triketo hydroindene hydrate) except proline and 4 - hydroxy proline, which gives yellow colour with it. 
When such an -NH, group reacts with ninhydrin, a purple-blue complex is formed. 


О Oo О 


к О | 
| il OH 
H,N—CH—C—OH +2 $ N 
OH 
о 


(Purple-Bluc) 


The same violet coloured dye forms from all a - AA's with 1? amino groups because only their nitrogen 
is incorporated into it. The 2? amines proline and 4 - hydroxyproline give different adducts that absorb 
light at a different and thus have a different yellow colour. 


POLYMERS 


The term polymer is used to describe a very large molecule that is made up of many repeating small 
molecular units. These small molecular units from which the polymer is formed are called monomers. The 
chemical reaction that joins the monomers together is called polymerisation. Starting from n molecules of 
a compound M, linking in a linear manner will form polymer x-M-(M), ,-М-у. The nature of linkages 
at the terminal units i.e. M — x and M — y depends upon the mode of reaction used in making the 


polymers. 


HOMOPOLYMERS AND COPOLYMERS 


Polymers which are formed by only one type of monomer are called Homopolymers. Some examples of 
homopolymers and their monomers are given below: 


Homopolymer 

Starch Glucose 

Cellulose Glucose 

Glycogen Glucose 

Dextrin Glucose 

Inulin Fructose 
Polyethylene Ethylene 

Polyvinyl chloride Vinyl chloride 

Teflon Tetrafluoro ethylene 
Nylon-6 Caprolactam 
Polystyrene Styrene 

Orlon (Acrilan) Acrylonitrile 

ТА АЛАА [T aitai р е Рр р Крра data 
Teflon Tetrafluoro ethylene 
Nylon-6 Caprolactam 
Polystyrene Styrene 

Orlon (Acrilan) Acrylonitrile 
Plexiglas (Lucite) Methyl methaacrylate 
Polyvinyl acetate Vinyl acetate 


Polymers, which are formed by more than one type of monomers are known as copolymers. Some 
examples are given below in the table: 


Saran Vinyl chloride and vinylidene chloride 
SAN Styrene and acrylonitrile 
ABS Acrylonitrile, butadiene and styrene 


Butyl rubber Isobutylene and Isoprene 

Buna-S, SBR Styrene and Butadiene 

Buna-N, NBR Acrylonitrile and Butadiene 

Nylon-66 Hexamethylenediamine and Adipic acid 
Terylene Terephthalic acid and ethylene glycol 


Types of copolymers 


(1) 


Depending upon the distribution of monomer units, the following types of copolymers are possible. 
Random Copolymer 
Ifthe monomer units have random distribution throughout the chain, it is called random copolymer. For 
example, if the monomer A and monomer B undergo copolymerisation then the structure ofthe random 
copolymer is 

nA +nB—» -A-A-B-A-B-B-A-B-A-A-A-B- 


segment of random copolymer 


(2) 


(3) 


(4) 


Alternating Copolymer 

If the two monomer units occur alternatively throughout the polymer chain, it is said to be alternating 
copolymer. For example, 

nA + nB —— -А-В-А-В-А-В- 
segment of alternating copolymer 

The exact distribution depends upon the proportion of the two reactant monomers and their relative 
reactivities. In practice neither perfectly random nor perfectly alternating copolymers are usually formed. 
However, most copolymers tend more towards alternating type but have many random imperfections. 


Block copolymer 
Polymers in which different blocks of identical monomer units alternate with each other are called block 
copolymers. 
For example, 

—B-B-A-A-A-A-A-—A-B-B-B-B-B-B-A-A- 

segment of a block polymer 

Block copolymer can be prepared by initiating the radical polymerisation of one monomer to grow 
homopolymer chains, followed by addition of an excess ofthe second monomer. 


Graft copolymer 
Polymers in which homopolymer branches of one monomer unit are grafted onto a homopolymer chain 
of another monomer unit are called graft copolymers. For example: 


(Segment of a graft copolymer) 


Graft copolymers are prepared by y-irradiation of a homopolymer chain in the presence of a second 
monomer. The high energy radiation knock out H-atoms from the homopolymer chain at random points 
thus generating radical sites that can initiate polymerisation of the second monomer. 


CLASSIFICATION OF POLYMERS 


(I) 
а) 


Polymers are classified in following ways : 
CLASSIFICATION BASED UPON SOURCE 


Natural polymers 
Polymers which are obtained from animals and plants are known as natural polymers. Examples of 
natural polymers are given below. 


Polysaccharide Monosaccharide 
Proteins a-L-Amino acids 


Nucleic acid Nucleotide 

Silk Amino acids 

Natural Rubber (cis polyisoprene) Isoprene (2-Methyl-1,3-butadiene) 
Gutta purcha (trans polyisoprene) Isoprene 


(2) 


(3) 


(II) 


(1) 


Q) 


(3) 
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Natural polymers which take part in metabolic processes are known as biopolymers. Examples are 
polysaccharides, proteins, RNA and DNA. 


Semisynthetic polymers 

Polymers which are prepared from natural polymers are known as semisynthetic polymers. Most of the 
semisynthetic polymers are prepared from cellulose. Examples are: cellulose acetate, cellulose nitrate, 
cellulose xanthate and Rayon. 


Synthetic polymers 
Man-made polymers, i.e. polymers prepared in laboratory are known as synthetic polymers. Example 
are : PVC, polyethylene, polystyrene, nylon-6, nylon-66, nylon-610, terylene, synthetic rubbers etc. 


CLASSIFICATION BASED UPON SHAPE 


Linear polymers 
Polymer whose structure is linear is known as linear polymer. The various linear polymeric chains are 
stacked over one another to give a well packed structure. 
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The chains are highly ordered with respect to one another. The structure is close packed in nature, due 
to which they have high densities, high melting point and high tensile (pulling) strength. Linear polymers 
can be converted into fibres. 


Note : 
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The chains are highly ordered with respect to one another. The structure is close packed in nature, due 
to which they have high densities, high melting point and high tensile (pulling) strength. Linear polymers 
can be converted into fibres. 


Note : 

(i) All fibers are linear polymers. Examples are cellulose, silk, nylon, terylene etc. 

(ii) Linear polymers may be condensation as well as addition polymers. Examples are cellulose, 
polypeptide, nucleic acid, nylon, terylene etc. 


Branched chain polymers 


Branched chain polymers are those in which the monomeric units constitute a branched chain. Due to the 
presence of branches, these polymers do not pack well. As a result branched chain polymers have lower 
melting points, low densities and tensile strength as compared to linear polymers. 


Branched chain polymers may be formed due to addition as well as condensation polymerisation. Ex 
amples are amylopectin, glycogen, low density polyethylene and all vulcanised rubbers. 


dic d. 


Cross-linked or Three Dimensional network polymers 


In these polymers the initially formed linear polymeric chains are joined together to form a three dimen- 
sional network structure. These polymers are hard, rigid and brittle. Cross-linked polymers are always 
condensation polymers. Resins are cross linked polymers. 


CLASSIFICATION BASED UPON SYNTHESIS 


(1) 
() 

(i) 
(iii) 


(ii) 


(v) 


(v) 


(iii) 


Condensation polymerisation 

They are formed due to condensation reactions. 

Condensation polymerisation is also known as step growth polymerisation. 

For condensation polymerisation, monomers should have at least two functional groups. Both 
functional groups may be same or different. 

Monomers having only two functional group always give linear polymer. 


For example, 
ї 1 
nNH,-R-NH, + nHOOC-R'-COOH Condensation , NH-R-NH-_C_R’-C_| + @—1)Н,О 
n 
Polyamide 

| | Condensation | | 

nHO-R-OH + nHO-C-R'-C-OH reaction -O-R-O-C-R^-C-| +(n-1)H,O 
Polyester 
i 
Condensation n 

ПМН,-К-СООН = Hon > —-NH-R-C- (5 | H,O 


., dn 
Polyamide 


Condensation polymers do not contain all atoms initially present in the monomers. 
Some atoms are lost in the form of small molecules. 


Polyester 
| = 
Condensation n 
—R- ee > 
nNH, R-COOH ti -NH-R-C-| + | 2 | H,O 


‚‚ dn 
Polyamide 


Condensation polymers do not contain all atoms initially present in the monomers. 
Some atoms are lost in the form of small molecules. 

Monomer having three functional groups always gives cross-linked polymer. 
Examples are : Urea-formaldehyde resin, phenol-formaldehyde resin. 


Addition polymerisation 
Polymers which are formed by addition reaction are known as addition polymers. 


If monomer is ethylene or its derivative, then addition polymer is either linear polymer of 
branch-chain polymer. Examples are : polystyrene, polytetrafluoroethylene, polyacrylonitrile etc. 


CH, =С-СН = СН, 
If monomer is 1, 3-butadiene or 2-substituted-1, 3-butadiene " ,then 


polymer is always branched chain polymer. 


G G 


| | 
nCH,=C-CH=CH, —> |-CH,-C-CH-CH,- 


(Monomer) (Polymer) n 


(Monomer) (Polymer) 


(i) G=H: 1,3 - Butadiene (i) Polybutadiene 
(ii) G=CH, ; 2 - Methyl-1, 3-butadiene or isoprene (її) Polyisoprene 
(iii) G=Cl ; 2 -Chloro-1, 3-butadiene or chloroprene (11) Plychloroprene (Neoprene) 


(iv) ^ Addition polymers retain all the atoms of the monomer units in the polymer. 
(v) Addition polymerisation takes place in three steps : 

Initiation, chain propagation and chain termination. 
(vi) X Addition polymers are called as chain growth polymers. 

Types of Addition Polymerisation 


(A) _ Radical Polymerisation : 


(i) Radical polymerisaiton takes place in the presence of radical initiators. The radical initiator may be any 
of the following: 
СН» О О CH; CH; 
H,O,, CH4-C-O-O-H, оо оон CH35-C-O-O-C-CH; 
m 3 |, р CH; CH; 
О CH, CH, 
CU 0 n i Ou and CH.—C-NzZN-(C-CH. 


H,0,, CH, 0-038, когоо OK CH,-C-0-0-C-CH, 
CH; о О CH, CH; 


| CH, CH, 

| | 

CsH,-C-O-O-C-C,H, апа жый Gaia iii 
CN CN 


(ii) Reaction intermediate of radical polymerizaiton is a free radical. 
(i) ^ Radical polymerization has more chance for those monomers whose free radicals are more stable. 


Examples are : 
| 

C,H,-CH=CH,, СН;=СН-С1, CH,-CH-O-C-CH, 

Styrene Vinyl chloride Vinylacetate 

CH,-C-CH, | 

CH,-CH-CN C-O-CH, CH,=C-—CH=CH,(G=H, CH, and Cl) 

Acrylonitrile О 
(vinyl cyanide) Methyl methacrylate 2-substituted-1,3-butadiene 


(ivy ^ Radical polymer has linear as well as branched chain structure 
Most of the commercial addition polymers are vinyl polymers obtained from alkenes and their 
derivatives CH ‚=СН [G is Н, С.Н, ,К etc.] 
| 


5? 


G 


(1) 


This type of polymerisation is preformed by heating the monomer with only a very small amount of the 
initiator or by exposing the monomer to light. The general mode of radical polymerisation of vinyl mono- 
mers is depicted below: 

Chain initiation step : 

Initiator — Ine 


Ine + CH=CH In-CH-H 
G 


Chain propagating step : 


CH=CH + In-CH, CH > In-CH,-CH-CH, CH In4CH,-CH)CH, -CH 
G G G 


Chain terminating step : 


е 
2In{CH,=CH}-CH,-CH — In4«CH,-CHYCH,-CH-CH-CH, «CH-CH, Hn 
2 a n 2 [ 2 | X di | 2 | ЬЫ 


Polymer 


In vinylic polymerisation, various other reaction of free radicals with some other compounds present 
may compete with the parent addition chain reactions. One such reaction takes place with molecules 
that can react with the growing chain to interrupt the further growth. This leads to the lowering of the 
average molecular mass of the polymer. Such reagents are called as chain transfer agents and include 
ССІ, CBr, etc. 


For example, in the presence of CCI,, styrene polymerises to form plystyrene of a lower average mo- 


lamlar mace which alcn eantaine came chlarine what hannenc here ic that araurina nalvetranea radical 


average molecular mass of the polymer. Such reagents are called as chain transfer agents and include 
ССІ, CBr, etc. 


For example, in the presence of CCL, styrene polymerises to form plystyrene ofa lower average mo- 
lecular mass which also contains some chlorine what happens here is that growing polystyrene radical 
which normally would add on a monomer reacts with the chain transfer agent to end the original chain 
and produces a new radical. The latter initiates a new polymerisation chain and thereby forms a new 
polymer as depicted below. 


~CHy-CH + CCl, э-сн,-сн-с\+ CCl, 
C,H, C,H; 


° е St 

ӧсь+сњ=ен  cic-en-en жЕ, CLC-CH.-CHCH.-CHiete 
CH; CH; C.H; C.H; 

Ifthe chain transfer agent a radical, which is highly unreactive, the reaction chain gets terminated such a 

compound thus inhibits or arrests polymerisation. Many amines, phenols, quinones etc. act as inhibitors. 

So, even traces of certain impurities, which can act as chain transfer agent or an inhibitor can interfere 

with the original polymerisation chain reaction. Hence, the monomers could be free from such inhibitors. 


In case the alkene is a diene, the following kinds of polymerisation is possible : 


1,4 - polymerisaiton. 

When the polymerisation takes place at C, and C, of butadiene, an unbranched polymer is formed. This 
product is different from that formed from an alkene having a double bond, which at each of its carbons 
is substituted by different groups and hence can exist either as trans-polybutadiene or cis-polybutadiene 
or a mixture as shown below. 


(2) 


(В) 
@ 
(i) 
(iti) 


(В) 
@ 
@) 
ш) 
(iv) 
(v) 


(У) 


е e 
Re + CH,=CH-CH=CH, —> R-CH,- CH-CH-CH——* R-CH,-CH-CH-CH, 


H CH H H 
“с ^| and Nc 4 
/ Ng Ссн 
сн, ВСН 2 
n 2 n 
trans-1,4 structure cis -1,4 structure 


1,2-Polymerisation 


Alternatively, 1,3 -butadiene can undergo polymerisaiton at C, and C, to yield the polymeric product, 
polyvinly polythene. 


| 2 3 4 1.21. L. 2l 
2n CH,-CH-CH-CH, —A—. R4 CH,“CH-CH,“CH),, 

The double bonds in these initial polymers can be linked by further treatment with chemicals to modify 

the properties ofthe polymers. These reactions form the basis of the formation of rubber. 


Cationic Polymerisation : 

Polymerisation which is initiated by an electrophile is known as cationic polymerisation. 
Reaction intermediate of cationic polymerisation is a carbocation. 

Carbocations can undergo rearrangement leading to the formation of'a more stable carbocation. 


The double bonds in these initial polymers can be linked by further treatment with chemicals to modify 
the properties ofthe polymers. These reactions form the basis of the formation of rubber. 


Cationic Polymerisation : 

Polymerisation which is initiated by an electrophile is known as cationic polymerisation. 
Reaction intermediate of cationic polymerisation is a carbocation. 

Carbocations can undergo rearrangement leading to the formation of a more stable carbocation. 
The electrophile commonly used for initiation is BF,.OEt,. 

Monomers that are best able to undergo polymerisation by a cationic mechanism are those with 
electron - donating substituents that can stabilise the carboncation. Some examples are : 


| 
CH,=CH-CH, =e ii iah C,H,-CH=CH, 
Propene CH, CH, Styrene 
Isobutene Vinyl acetate 


It is terminated by a base. 

Thus, when the initiator is cationic in nature, it would generate a cationic intermediate on addition to the 
double bond for propagating the addition chain process and is termed as cationic addition polymerisation. 
The process is initiated by an acid. The stages of polymerisation are depicted below. 


Chain initiation step : 


fo \ N Ө 
H + al — cH,-CH 
G 


(С) 


(№) 
(м) 


Chain propagating step : 


ow N ® 
шаш + eu,» = CH, - TEUER — үке So on 
G G 


Chain terminating step: 


Ф = 
сн,-єн{сн,-снусн,-сн-^-—. CH, - ÇH{CH;- тө, CH=CH+HA 
| | 
@ G с G 


Cationic polymerisation is facilitated in monomers containing electron - releasing groups. Thus, 
isobutylene undergoes cationic polymerisation easily as it has two electron releasing —CH, groups that 
will stabilize the intermediate carbo cation. 


CH, CH, 


Ф 
Н + CH,- C-CH,—— СН, - C? 
CH, 
CH, єн, єн, CH; єн, сн, 
CH, - n x f — CH-C-CH,-C-CH- C 
CH, CH, CH, CH, CH, CH, 
(Butyl Rubber) 
Anionic Polymerisation : 
| | | U І ! 
CH, CH, CH, CH, CH, CH, 
(Butyl Rubber) 


Anionic Polymerisation : 


Anionic polymerisation takes place in the presence of base or nucleopile, which is initiator in this poly- 
merization. 

Reaction intermediate in propagation steps are carboanion. 

The suitable initiator can be NaNH, or RLi. 

Those monomers undergo anionic polymerisation reaction whose anion is stable. 

Example of monomers are : 


car 
CH,= CH-CI CH,= CH-CN C,H,CH=CH, 
Vinyl chloride Acrylonitrile 1" Styrene 
O 
Methyl methacrylate 


Anionic polymerisation always gives linear polymer. 

Anionic polymerisation terminated by an acid. 

The formation of polystyrene from styrene in the presence of potassium amide is an important example 
of this category of polymerisation. The mode of anionic polymerisation is depicted below : 


Chain initiation step : 


fis р 
кн, + Cu den —— NH,-CH, CHK 
X X 


(D) 
() 


(i) 
(Ш) 


Chain propagating step : 


[N_A "m 
NH, -сн,Сн +nCH,= CH ——— NH, -CHUCH = CHACH K 


X X X 


Chain terminating step: 


+ 


NH,-CH,CH- CH} ÇH H. HN ~CHYCH -CHACH, 


X X X X 
Ziegler- Natta polymerisation : 
Addition polymerisation which takes place in the presence of Ziegler- Natta catalyst [(C,H,),Al and 
Т1С1,] is known as Ziegler- Natta polymerisation or coordination polymersation. 
Ziegler- Natta polymerisation always gives linear, stereo-regular polymers. 
Ziegler- Natta catalyst revolutionised the field of polymer chemistry because they allow the synthesis of 
stronger and stiffer polymers (due to linear geometry) that have greater resistance to cracking and heat. 
High density polyethylene is prepared using a Ziegler- Natta catalyst. 


CLASSIFICATION BASED ON INTERMOLECULAR FORCES (SECONDARY FORCES) 


() 


(aii) 


(1) 


Note : 


Q) 


Intermolecular forces present between polymeric chains are (a) Van der waals forces (b) Hydrogen 
bonds and (c) Dipole - dipole attractions. 


Mechanical properties such as tensile strength, elasticity, toughness etc. depend upon the secondary 
forces present between the polymeric chains. 
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bonds and (c) Dipole - dipole attractions. 


Mechanical properties such as tensile strength, elasticity, toughness etc. depend upon the secondary 
forces present between the polymeric chains. 


Magnitude of secondary forces depends upon the size ofthe molecule and the number of functional 
groups along the polymeric chains. 


Magnitude of secondary forces is directly proportional to the length of the polymeric chain. On the basis 
of magnitude of secondary forces, polymers can be divided into the following five categories. 


Elastomes 

An elastomer is a plastic that stretches and then reverts back to its original shape. It is randomly oriented 
amorphous polymer. It must have some cross-links so that the chains do not slip over one another. Very 
weak Van der waal forces are present in between polymeric chains. 


When elastomers are stretched , the random chains stretch out, but there are insufficient Van der Waal 
forces to maintain them in that configuration and position. When the stretching force is removed, they go 
back to their random shape. Elastomers have the ability to stretch out over ten times their normal length. 
Important examples are vulcanized rubbers. 


Addition polymers obtained from butadiene and its derivatives are elastomers. 


Fibres 

Fibres are linear polymers in which the individual chains of a polymer are held together by hydrogen 
bonds and / or dipole-dipole attraction. In the fibres, the polymeric chains are highly ordered with 
respect to one another. 
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(3) 


(4) 


(4) 


Due to strong intermolecular forces of attraction and highly ordered geometry, fibres have high tensile 
strength and least elasticity. they have crystalline character and have high melting points and low 
solubility. Examples are cellulose, nylon, terylene, wool, silk etc. 


Note : 
(i) Condensation polymers formed from bifunctional monomers are fibres in character. 
(ii) Addition polymers of alkene derivatives having strong- I group are fibres in character. 


Thermoplastic Polymers 

Thermoplastic polymers are polymers that have both ordered crystalline regions (the regions of the 
polymer in which the chains are highly ordered with respect to one another) and amorphous, non crys- 
talline regions (the regions of the polymer in which the chains are randomly oriented. 


The intermolecular forces of attraction are in between elastomers and fibres. There are no cross-links 
between the polymeric chains. Thermoplastic polymers are hard at room temperature, but when they are 
heated, the individual chains can slip past one another and the polymer become soft and viscus. This soft 
and viscous material become rigid on cooling. The process of heating softening and cooling can be 
repeated as many times as desired without any change in chemical composition and mechanical proper- 
ties of the plastic. As a result, these plastics can be moulded into toys, buckets, telephone and television 
cases. Some common examples are : polyethene polypropylene, polystyrene, polyvinyl chloride, teflon 
etc. 


Note : Addition polymers obtained from ethylene and ethylene derivatives are thermoplastic polymers. 


Thermosetting Polymers 
Polymers which become hard on heating are called thermosetting polymers. Thermosetting polymers 


Note : Addition polymers obtained from ethylene and ethylene derivatives are thermoplastic polymers. 


Thermosetting Polymers 
Polymers which become hard on heating are called thermosetting polymers. Thermosetting polymers 
can — beheatedonly once when it permanently sets into a solid, which cannot be remelted by heating. 


Thermosetting polymers are cross- linked polymers . Greater the degree of cross - linking that exist, the 
more rigid is the polymer. Cross-linking reduces the mobility ofthe polymer chains, causing them to be 
relatively brittle materials. The hardening on heating is due to the extensive cross-linking between differ- 
ent polymer chains to give a three dimensional network solid. Examples are : phenol formaldehyde 
resin, urea-formaldehyde resin melamine - formaldehyde resin. 


DIFFERENCE BETWEEN THERMOPLASTIC AND THERMOSETTING POLYMERS 


Thermoplastic polymers Thermosetting polymers 


Soften and melt on heating and Become hard on heating and process is 
become hard on cooling i.e. irreversible. 
process is reversible 


Can be moulded and remoulded They can be moulded once and cannot 
and reshaped. be remoulded or reshaped. 


They are addition polymers They are condensation polymers. 


Structure is generally linear Structure is cross - linked. 
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RUBBER 


1. 


Natural Rubber 


Natural rubber is obtained from nearly five hundred different plants but the main source is a braziliensis 
tree. It is obtained in the form of milky sap known as latex. This latex is coagulated with acetic acid and 
formic acid. The coagulated mass is then squeezed. 


The raw natural rubber is a soft gummy and sticky mass. It is insoluble in water, dilute acids and alkalies 
but soluble in non-polar solvents. It has low elasticity and low tensile strength. Natural rubber is a 
polymer of 2-methyl-1, 3-butadiene(isoprene). On average, a molecule of rubber contains 5000 iso- 
prene units held together by head to tail. All the double bonds in rubber are cis, hence natural rubber is 


cis-polyisoprene. 


Polymerisation (1,4 addition reaction) 


ПАЗЕД ЧЕД NS NX 


Gutta - percha is a naturally occurring isomer of rubber in which all the double bonds trans. Thus, gutta- 
percha is trans-polyisoprene. 


CH; | CH; 


nCH,-C-CH-CH, . Polymerisation Nc-ce 


M 


МУ ЧЕД \_S NX 


Gutta - percha is a naturally occurring isomer of rubber in which all the double bonds trans. Thus, gutta- 
percha is trans-polyisoprene. 


CH; 
nCH;-C-CH-CH 


H,C CH; 
Polymerisation 3 g G= al 
Dra гс Se ee A m 

1,4 addition reaction 4 М. 

H,C Н 
п 

It is harder and more brittle than rubber. It is the filling material that dentists use in root canal treatment. 
In order to give strength and elasticity to natural rubber, it is vulcanized. Heating of rubber with sulphur 
or sulphur containing compound at 150° C for few hours is known as vulcanisation. The essential feature 
of the vulcanisation is the formation of cross-linking between the polymeric chains. This cross-linking 
gives mechanical strength to the rubber. Vulcanisation process can be enhanced in the presence of 
certain organic compounds known as accelerators. The common accelerators are : 


S S 
CH CH 
C,H.-NH-C-NH-CH РИ ТЕ 
NH CHÍ “ен, 
Diphenyl guanidine Tetramethylthioureadisulph 


In addition, fillers such as carbon black and zinc oxide are usually added to the crude rubber before 
vulcanisation in order to improve its wearing characteristics. 


Natural rubber is used for making shoes, water - proof coats and golf balls. Vulcanised rubber is used 
for manufacture of rubber bands, gloves tubing and car tyres. 
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SYNTHETIC RUBBER OR POLYMERISATION OF DIENES 


Polymers of 1,3 - butadienes are called synthetic rubbers because they have some of the properties of 
natural rubbers including the fact that they are water proof and elastic. 


Synthetic rubbers have some improved properties. They are more flexible, tougher and more durable 
than natural rubber. 


1. Homopolymers 
Monomer of this class is 2 - substituted - 1,3- butadienes. 


G 


| 
CH,-C-CH-CH, where G=H, CH, or Cl. 


Polymerisation is always carried out in the presence of Zieglar-Natta catalyst which gives stereo regular 
polymers. 
f N+ \+/ N 
Zieglar - Natta catalyst 
LALA 
n 


cis poly (1,3 butadiene) 


Neoprene was the first synthetic rubber manufactured on large scale. It is also called dieprene. Its 
monomer, chloroprene(2-chlorobutadiene) is prepared from acetylene. 


ALALA 


cis poly (1,3 butadiene) 


ou 


Neoprene was the first synthetic rubber manufactured on large scale. It is also called dieprene. Its 
monomer, chloroprene(2-chlorobutadiene) is prepared from acetylene. 


Cl 

| 
2HC cH. OC. cg - cg ceca HCL. сн,=Сн-с-сн, 
Acetylene " Vinyl acetylene Chloroprene 


Cloroprene undergoes free radical polymerisation to form neoprene (polychloroprene). 
Zieglar-Natta si ET РА 


ii 
nCH,=C-—CH=CH, Catalyst / C-C \ 
2-chloro-1,3 butadiene CH; CH, 
or (Trans polymer 
chloroprene Trans polychloroprene 
or Neoprene 


CH, + 


Many ofthe properties of neoprene are similar to natural rubber but neoprene is more resistant to action 
ofoils, gasoline and other hydrocarbons. It is also resistant to sunlight, oxygen, ozone and heat. It is 
non - inflammable. 

It is used for making automobile and refrigerator parts, hoses for petrol and oil containers, insulation of 
electric wires and conveyor belts. 


2. Copolymers 
The following synthetic rubbers are example of copolymers. 
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Buna-S, SBR (styrene-Butadiene rubber) C,H,-CH-CH, + CH,=CH-CH=CH, 
(25%) (75%) 
Buna-N, NBR (Nitrile-Butadiene rubber) CH,-CH-CN + CH,-CH-CH-CH, 
(2596) (7596) 
CH,—C=CH, + Butadiene 


| 2% 
Butyl rubber СН, ° 


98% 


ABS; Acrylonitrile, Butadiene, Styrene CH,=CH-CN + CH,=CH-CH=CH, 
+ C,H,CH=CH, 


(a) Thiokol : Thiokol is made by polymerising ethylene chloride and sodium polysulphide. 
CI-CH,-CH,-CI + Na-S-S-Na + CI-CH,—CH,-Cl 


Polymerisation 


-CH,-CH,-S—S-CH;-CH,-S—S-CH,;-CH,- 
Thiokol rubber 
The repeating unit is -CH,-S-S-CH,- 
Thiokol is chemically resistant polymer. It is used in the manufacture of hoses and tank linings, engine 
gaskets and rocket fuel when mixed with oxidising agents. 


The repeating unit is -CCH,-S-S-CH,- 
Thiokol is chemically resistant polymer. It is used in the manufacture of hoses and tank linings, engine 
gaskets and rocket fuel when mixed with oxidising agents. 


(b) Buna -S (SBR : Styrene-butadiene rubber) : Buna-S rubber is a copolymer of three moles of buta- 
diene and one mole of styrene. In Buna-S, 'Bu' stands for butadiene, 'na' for symbol of sodium (Na) 
which is a polymerizing agent and 'S' stands for styrene. It is an elastomer (General purpose styrene 


Rubber or GRS). 
CH-CH, 
nCH,=CH-CH=CH,+ n len CH=CH-CH, -CH n] 
1,3-Butadiene Styrene п 


Buna-S 


Buna-S is generally compounded with carbon black and vulcanised with sulpur. It is extremely resistant 
to wear and tear and therefore used in the manufacture of tyres and other mechanical rubber goods. It is 
obtained as a result of free radical copolymerisation of its monomers. 

(c) Buna-N : It is obtained by copolymerisation of butadiene and acrylonitirile (General purpose Rubber 
acrylonitirle or GRA). 


N 
nCH,=CH-CH=CH, + Rega onenei -CH,-CH | 
п 


СМ 
It is very rigid and is very resistant to action of petrol, lubricating oil and many organic solvents. It is 
mainly used for making fuel tanks. 
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(d) Cold Rubber : Cold rubber is obtained by polymerisation of butadiene and styrene at —18° to 5°C 
temperature in the presence of redox system. Cold rubber has a greater tensile strength and greater 
resistance to abrasion than SBR. 


NYLON 


Nylon is used as a general name for all synthetic fibres forming polyamides, i.e., having a protein like 
structure. A number is usually suffixed with the name 'nylon' which refers to the number of carbon atoms 
present in the monomers. 


(1) NYLON - 66 (Nylon six, six) 
It is obtained by the condensation polymerisation of hexamethylenediamine (a diamine with six carbon 
atoms) and adipic acid (a dibasic acid having 6 carbon atoms). 


nHOOC(CH,),COOH + nH,N(CH,), NH, UE МИНА OC(CH,),CONH(CH,),NH 
24 2/6 High pressure s nin 
Adipic acid Hexamethylene (п-т) H Ке Rulon <6 n 


diamine 
(2) NYON-610 (Nylon six, ten) 
It is obtained by condensation polymerisation of hexamethylenediamine (six carbon atoms) and sebacic 
acid (a dibasic acid with 10 carbon atoms.) 


Nylon fibres are stronger than natural fibres and so are used in making cords and ropes. The fibres are 
elastic, light, very strong and flexible. They have drip dry property and retain creases. It is inert towards 
chemicals and biological agents. It can be blended with wool. Nylon fibres are used in making garments, 
carpets, fabrics, tyre cords, ropes, etc. 


MELDE id 


elastic, light, very strong at flexible. They have drip dry property rand retain creases. It is inert towards 
chemicals and biological agents. It can be blended with wool. Nylon fibres are used in making garments, 
carpets, fabrics, tyre cords, ropes, etc. 


(3) NYON-6 (Perlon L) 
A polyamide closely related to nylon is known as perlon L (Germany) or Nylon - 6 (USA). It is prepared 
by prolonged heating of caprolactum at 260-270°C. It is formed by self condensation ofa large number 
of molecules of amino caproic acid. Since, caprolactum is more easily available, it is used for 
polymerization, with is carried out in the presence of H,O that first hydrolyses the lactam to amino acid. 
Subsequently, the amino acid can react with the lactam and the process goes on and onto form the 
polyamide polymer. 
Carpolactam is obtained by Backmann rearrangement of cyclohexanone oxime. 


H NOH 
т [О] С [О] one 


Cyclohexane Cyclohexanol Cyclohexanone Cyclohexanone 
Oxime 


H,SO, ? 
. Backmann , __260-270°С . -C-(CHj),-NH- 
"rearrangement i-a ^ HO - 


(six carbon atoms in the 
repeating units) 
Nylon-6 


(4) NYON-2-NYLON-6 
It is in alternating polyamide copolymer of glycine and amino caproic acid and is biodegradable. 
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POLYETHYLENE 


Polyethylene is of two types : 
(a) Low Density Poly Ethylene (LDPE) : It is manufactured by heating ethylene at 200°C under a 
pressure of 1500 atmospheres and in the presence of traces of oxygen. This polymerisation is a free 


radical polymerisation. 
200°C 
=CH appa? PCH CHE 
nCH;-CH,; 7500 atm. Т 222 


The polyethylene produced has a molecular mass of about 20,000 and has a branched structure. Due to 
this, polyethylene has a low density (0.92) and low melting point( 110°C). That is why polyethylene 
prepared by free radical polymerisation is called low density polyethylene. It is a transparent polymer of 
moderate tensile strength and high toughness. It is widely used as a packing material and as insulation for 
electrical wires and cables. 


(b) High Density Poly Ethylene (HDPE) : It is prepared by the use of Zieglar - Natta catalyst at 160°C 
under pressure of 6 to 7 atmosphere. 


The polymer is linear chain, hence it has high density (0.97) and has high melting point (130°C). That is 
why it is called high density polyethylene. It is a translucent polymer. It has greater toughness, hardness 
and tensile strength than low density polyethylene. It is used in the manufacture of containers (buckets, 
tubes), house wares, bottles and toys. 


PLASTICISER 


A plasticiser is an organic compound that dissolves in the polymer and allows the polymer chains to slide 


and tensile strength than low density polyethylene. It is used in the manufacture of containers (buckets, 
tubes), house wares, bottles and toys. 


PLASTICISER 


A plasticiser is an organic compound that dissolves in the polymer and allows the polymer chains to slide 
past one another. This makes polymer more flexible. Dibutylphthalate is a commonly used plasticiser. 


ore 
C-O-(CH,),CH, 
MELAMINE - FORMALDEHYDE RESIN 


This resin is formed by condensation polymerisation of melamine and formaldehyde. 


H, N oe ү p Y 
|| + ucuo— иф 
и е. Polymerisation 


NH, X 3h n 


(Intermediate) Melamine-formaldehyde polymer 


It is a quite hard polymer and is used widely for making plastic crockery under the name melamine. The 
articles made from this polymer do not break even when dropped from considerable height. 
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Phenol-formaldehyde resins are obtained by the reaction of phenol and formaldehyde in the presence of 
either an acid or a basic catalyst. The reaction starts with the initial formation of ortho and para- 
hydroxymethyl phenol derivatives, which further react with phenol to form compounds where rings are 
joined to each other with -CH, groups. The reaction involves the formation of methylene bridges in 
ortho, para or both ortho and para positions. Linear or cross - linked materials are obtained depending 
on the conditions of the reaction. 


OH OH OH 
" = CH,OH 
+ вано 908. + 
(Intermediate) CH,OH 
o-and p-hydroxymethyl phenol 
ш ОН ОН 
CH,OH 
ñ Polymerisation CH; 
n 
Linear polymer 
Novolac 
OH OH OH OH OH 
сн,он | | | | 
Novolac 


CH,OH 
á Polymerisation. CH; OH CH;- 
CH,OH 
P 2 ©» 


Cross - linked polymer (Bakelite) 


POLYESTERS 


Dacron is a common polyester, prepared using ethylene glycol and terephthalic acid. The reaction is 
carried out at 140? to 180? C in the presence of zinc acetate and Sb,O, as catalyst. 


nHOCH,CH,OH + nHO,C L оон — OCH Hef il 


— 
The terylene fibre (Dacron) is crease resistant and has low moisture absorption. It has high tensile 
strength. It is mainly used in making wash and wear garments, in blending with wood to provide better 
crease and wrinkle resistance. 
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BIODEGRADABLE POLYMERS 


(1) 


(1) 


Q) 


By far the largest use of synthetic polymers is as plastic. A major portion of it is used as throwaway 
containers and packing materials. Since plastics do not disintegrate by themselves, they are not 
biodegradable over a period of time. Non - biodegradability is due the carbon-carbon bonds of addition 
polymers which are inert to enzyme catalysed reaction. These polymers create pollution problem. 


Biodegradable polymers are the polymers that can be broken into small segments by enzyme catalysed 
reactions using enzymes produced by microorganisms. In biodegradable polymers, bonds that can be 
broken by the enzymes are inserted into the polymers. Therefore, when they are buried as waste, enzymes 
present in the ground can degrade the polymer. 


One method involves inserting hydrolysable ester group into the polymer. For example, when acetal (I) 
is added during the polymerization of alkene, ester group is inserted into the polymeric chains. 


Q 
O-CH,-CH ; | 

nR-CH-CH, + nCH,= тү eee сн, CH-CH,-C-O-CH,-CH,-CH,-CH, 
O-CH,-CH, | x 


R 
Ester linkage attacked by enzyme 


Aliphatic polyesters are important class of biodegradable polymers. Some examples are described below: 


Poly - Hydroxybutyrate-CO-B-Hydroxyvalerate (PHBV) 
It is a copolymer of 3 - hydroxybutanoic acid and 3 hydroxypentanoic acid, in which the monomer units 


кпп b | dn 
R 
Ester linkage attacked by enzyme 


Aliphatic polyesters are important class of biodegradable polymers. Some examples are described below: 


Poly - Hydroxybutyrate-CO-B-Hydroxyvalerate (PHBV) 

It is a copolymer of 3 - hydroxybutanoic acid and 3 hydroxypentanoic acid, in which the monomer units 
are connected by ester linkages. 

CH,-CH(OH)-CH,-COOH + CH, -CH,-CH(OH)-CH,-COOH —> 


(O-CH-CH,;-C-OJ- where R-CH,, C,H, 


| | 
R 


O 

The properties of PHBV vary according to the ratio of both the acids. 3-Hydroxybutanoic acid provides 
stiffness and 3-hydroxypentanoic acid imparts flexibility to the co-polymer. It is used in specialty 
packaging, orthopaedic devices and even in controlled drug release. When a drug is put in a capsule of 
PHBV, It is released only after the polymer is degraded. PHBV also undergoes bacterial degradation in 
the environment. 


Poly (Glycolic Acid) And Poly (Lactic Acid) 
They constitute commercially successful biodegradable polymers such as sutures. Dextron was the first 
bioadsorbable suture made for biodegradable polyesters for post - operative stitches. 


MOLECULAR MASS OF POLYMER 


Normally, a polymer contains chains of varying lengths and therefore, its molecular mass is always 
expressed as an average. In contrast, natural polymers such as protein contains chain of identical length 
and hence, have definite molecular mass. 
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The molecular mass of a polymer is expressed as 


(a) Number average molecular mass (Mn ) 


Умм, 
МУ. 


where Ni is the number of molecules of molecular mass M, 


(b) Weight average molecular mass (Mw) 


ENM 
Mw = 
2 Мм; 
where N, is the number of molecules of molecular mass M,. Methods such as light scattering and 


ultracentrifuge depend on the mass of the individual molecules and yield weight average molecular 


masses. Mn is determined by employing methods which depend upon the number of molecules present 
in the polymer sample viz. colligative properties like osmotic pressure. 


The ratio of the weight and number average molecular masses ( My, / M, ) is called Poly Dispersity 
Index (PDI). Some natural polymers, which are generally monodisperesed, the PDI is unity 


(i.e. Mw =Mn): 

In synthetic polymers, which are always polydispersed, PDI> 1 because Mw is always higher than 
Mn- 

IVin: 


COMMON POLYMERS 


CH,=CH, Polyethylene 
Ethylene 


CH,-CH=CH, Polypropene 
Propene 
Styrene 
CF,=CF, 
Tetrafluoroethylene 


Polystyrene 


Polytetrafluoro 
ethylene (PTFE), Teflon 


CH,=CH-Cl 


Vinyl chloride Polyvinyl Chloride(PVC) 


CH;-CH-CN 
Vinyl cyanide or 
Acrylonitrile 


Polyvinyl cyanide, poly 


acrylonitrile, Orlon. 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


H,C О 


CH,-C-C-O-CH, 
Methyl methacrylate 


O 


| 
Vinyl acetate 
CH,-CH-CH-CH, 
1,3-butadiene 


CH,-CH-CI (vinyl chloride) 
+ 
CH,-CCI, (Vinylidene chloride) 


СеН;-СН=СН, (Styrene) 
+ 
CH,=CH-CN (acrylonitrile) 


CH,=CH-CN + CH,=CH-CH=CH, 
+ 
СЬН,-СН=СН, 
CH, 
CH,=C-CH, + CH,=C-CH=CH, 
Cn, 


C,H,-CH-CH,* CH, = CH-CH=CH, 


CH,-CH-CN + C,H,-CH-CH, 
Cl 


CHL-C-CH-CH, 
Cloroprene 


OOH 
+ HO-CH,-CH,-OH 


COOH 
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ш. 
e Polymethyl metha acrylate, 
CH, 
Plexiglas, Lucite 
OCOCH, 
-CH,-CH- Polyvinyl Acetate 
-CH,-CH-CH-CH,- Polybutadiene, 
Buna rubber 
Cl 
_CH,-CH-ccl,-cH | Sarn 
Сен CN 
A 
-CH;,-CH-CH-CH,- BAN 
— ABS 
— Butyl rubber 
= Buna -S, SBR 
— Buna-N, NBR 
Cl 
Neoprene 
-CH,-C-CH-CH;- 
Rat 
| C-O-CH,-CH,-O- | Poly(ethylene 
terephthalate, 


Terylene, Dacron or 
Mylar 
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20. 


21. 


22. 


23. 


24. 


25; 


COOH OH 


«16 


COOH OH 


f 


C-OH 
СҮ? +НО-СН,-СН,-ОН 


C-OH 


О 
а 
(СН,), T 
NH 


Caprolactam 


NH;(CH,),-NH, 
Hexamethylenediamine 
+ 


I on d 
HO-C-(CH,),-C-OH 


ЖАМАА л LAA y ewe 


+ 
Lon d 
HO-C-(CH,),-C-OH 
Adipic Acid 


мн:( мн, 


1,4-Diaminobenzene 
+ 


Terephthaloyl chloride 
OH 


+HCHO 


j 
NH,-C-NH, + HCHO 


NH, 


i, + HCHO 
HN NH, 


Malamine 


-C С-О-СН,-СН,-О- 
I ji 
оо 


| 
—NH(CH,),-C- 


pr PA 


araa waang А 


va w (wiag cc 


Kodel Polyster 


Polyethylene 


phthatate alkyd resin 
(Glyptal) 


Nylon-6 


Nylon - 66 


Kelvar 


Bakelite or resol 


Urea- 


formaldehyde resin 


Melamine- 


formaldehyde resin 
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PRACTICAL ORGANIC CHEMISTRY 


Functional group analysis 


1. 
(a) 


(b) 


Unsaturation : Alkenes & alkynes: 

Bayers test : Cold dil alk. KMnO, decolourisation test 
Purple colour — Colourless + MnO, (Brown ppt) 
Br, water decolourisation test 

Violet colourless of Br, + Colourless 


Terminal alkynes: 
Confirmed by ppt of Acetylide ion with NaNH, or AgNO, or Cu,Cl,NH,OH 


Alkyl halides: 

If they are capable of carbocation formation then they will give ppt with AgNO,. 

Beilstein’s test: A green colour is imported to the flame if small amount of organic compound is taken on 
copper wire. 


Alcohol: 
Cerric ammonium nitrate > Give red colour 
Boil with acetic acid & conc. H,SO, — fruity smell 


2-alkanol & ethanol also give Iodoform test Yellow ppt. of CH,I on reaction with L-- OH 


Aldehyde & Ketones: 
2.4- Dinitrophenvl hvdrazize (or) Braddy’s reagent give vellow. orange or red color with ald. & Ketones 


Aldehyde & Ketones: 
2,4- Dinitrophenyl hydrazize (or) Braddy’s reagent give yellow, orange or red color with ald. & Ketones 
(2,4-DNP) 


Aldehydes: 

Tollen’s test > Silver mirror 

Fehling’s test {except benzaldehyde}— Red colour 
Benedicts test — Red colour 

Schiff's dye colour regeneration test > Pink colour 
Gly ppt with HgCL, . 


Ketones: 
Methyl Ketones give haloform test 
a-hydroxy Ketones give Tollen's & Fehling test’s too. 


Carboxylic acids: 

Brisk effervescence with aq. NaHCO, solution. 

HCOOH alone gives silver mirror test with Tollen’s reagent. 
Blue litmus — red 

Give fruity smell on reaction with alcohols. 


Phenols: 

Violet colouration with neural FeCl, 

Liebermann test 

White ppt with Br, water 

Brisk effervescence with aq. NaHCO, is observed in case of Nitrophenols. 
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10. | Primary amines: 
(a) Carbylamine reaction — Isonitriles have very distinctive foul odors 
(b) Hoffmann mustard oil reaction > Oily liquid with mustard like smell. 


11. Aromatic 1° amine — diazo test 
12. Amide boil with NaOH > NH, 


13. | Nitrobenzene > Mullikqn Baker test — Treat it with ZnNH,CI then boil with Tollen’s reagent — Silver 
mirror will appear 


14. Proteins: 

(a) Biuret test : Also used for urea > Alkaline solution of protein treated with a drop of aq CuSO, when 
bluish violet colour is obtained 

(b) Ninhydrin test : Protein treated with a puridine solution of ninhydrin give colour ranging from deep blue 
to violet pink. 

DIFFERENTATION TEST 

D1. 1°, 2° & 3° alcohols : 


(a) Luca's test : Lucas reagent is conc. HCl + ZnCl, 


(b) Victor Meyer’s test (RBC test) 
GV 19 Aleahal — Rland red ealonr 


DIFFERENTATION TEST 
01. 1°, 2° & 3° alcohols : 
(a) Luca’s test : Lucas reagent is conc. HCl + ZnCl, 


(b) Victor Meyer’s test (RBC test) 
(i) 1? Alcohol — Blood red colour 
(ii) 2? Alcohol — Blue 
(iii) 3° Alcohol — Colourless 


D2. 1°, 2° & 3? amines: 
(a) Hinsberg’s reagent 
(i) 1° Amine yield a clear solution from which upon acidification an insoluble material separated. 


(ii) 2° Amine yield an insoluble compound which is unaffected by acid 
(їп) 3° Amine yield insoluble compound 


(b) Reaction with HNO, 


